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EXECUTIVE SUMMARY 


The purpose of this report is to develop establishment and discontinuance 
criteria for automated weather observing systems (AWOS) for publication 
in FAA Order 7031.2B, Airway Planning Standard Number One. Airway 
Planning Standard Number One contains the policy and summarizes the 

-* criteria used in determining eligibility of terminal locations for 

4 establishment, discontinuance and improvements of air navigation 
tacilities and air traffic control services. 


Accurate and reliable advance weather information is essential to the 
; safety and efficiency of aviation, and surface weather observations are 

; the most important portion of it. There are over 1,400 surface weather 
observation stations in the U.S. operated by the National Weather Service 
(NWS), the Department of Defense, the FAA and various aircraft 

operators. Support for civil flight operations is currently limited 
primarily to major airports where observations are taken by the NWS, 
FAA-operated ATCT's and FSS's, and commercially-operated Supplementary 
Aviation Weather Reporting Stations. 


Although the continuing growth of aviation has increased the demand for 
weather reports and forecasts at addition locations, the escallating 
costs of labor-intensive manual weather observing systems has prohibited 
their expansion to additional locations. Surface weather observing 
" stations are widely separated in certain areas, affecting the accuracy 
and reliability of weather forecasts in those areas. Commercial 
a instrument flight rule (IFR) operations under Parts 121 and 135 of the 
Federal Aviation Regulations (FAR) are restricted at over 1,200 airports 
with standard instrument approach procedures because of the absence of a 
local weather reporting service and at approximately 376 airports where 
the service is provided only part-time. Non-commercial IFR operations 
conducted under FAR Part 91 are authorized at locations without a local 
weather reporting service, but the minimum altitude of the approach 
procedures at these locations is increased in relation to the distance 
from the remote altimeter setting source to account for potential 
differences in barometric pressure. Of 1,733 airports currently with 
approved ‘standard instrument approach procedures, IFR approaches by Part 
91 operators at 1,307 locations are conducted with altitude information 
derived from a remote source. Full time remote altimeter setting 
penalties are required at approximately 931 airports. 


Vea a ® 


These conditions suggest a need to maintain and expand accurate and 
reliable weather information services at sufficient locations to meet the 
needs of pilots, operators and air traffic control facilities. 

7 Autamation of the surface weather observation function will meet this 
need by reducing the time devoted to weather observations at manned 
locations, providing a capability of taking observations at locations 
when facilities are closed, and expanding observation services to 

! unmanned locations. 
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The establishment and discomtinuance criteria developed in this report 
are based on a life-cycle cost effectiveness analysis for FAA towered 
airports and a life-cycle benefit/cost analysis for non-towered and 
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a 
; non-federal towered airports. FAA towered airports, by virtue of the 
fact that they constitute control zones, are required by FAR Part 91 to 
aS have an approved weather observation service. Most equipment currently 
we installed in manual weather observing systems is on average 20 years old 
and reaching the end of its economic life. Given these regulatory and 
operating constraints, this report summarizes a life-cycle cost analysis 
of various alternative systems of collecting, recording and disseminating 
weather data. The analysis clearly shows that AWOS is the most cost 
effective means of providing weather observation services at FAA towered 


airports. 
nM In a rigorous life-cycle benefit/cost analysis of AWOS at non-towered and 
ik non-federal towered airports, the basic benefit areas of enhanced safety 
ey and efficiency are analyzed. Official aviation activity forecasts are 
eM used to quantify the benefits independently for each year of a system's 
=e estimated 15 year economic life and discounting the benefits for each 


year to their present value. . These are summed to represent the present 
value of life-cycle benefits. Capital, operations and maintenance costs 


oa are approached on a similar present value life-cycle basis. AWOS 
rt criteria for non-towered and non-federal towered airports are developed 
as modularly to facilitate investment decisionmaking for AWOS with any 


configuration of wind direction and speed, temperature/dew point, 
altimeter setting, ceiling, visibility, liquid and freezing 


rn precipitation, and thunderstorm sensors. 

« 
Wess It is impossible, at least with a high degree of accuracy, to assess the 
at impact of the criteria on agency resources as required by Order 1320.1 
cone because (1) it is presently uncertain which specific AWOS configuration 


will be justified for each qualifying airport, and (2) meeting candidacy 
levels will not mean automatic qualification for non-towered and 


ie non-federal towered airports since benefit/cost screening is but one of 
isl several inputs to the FAA decisionmaking process relative to investment 
Y2] in facilities and equipment. All FAA towered airports, other than tower 
Aes discontinuance candidates, where the surface weather observation function 


is the responsibility of the FAA (as opposed to the NWS) qualify for AWwOS 
by virtue of cost effectiveness. There are currently 254 such 
locations. Priority of AWOS establishment at these locations will be 


3 


t given to part-time facilities, followed by full-time facilities, in 
Nee, recognition of the relatively greater benefits of AWOS when facilities 
a are closed. Additionally, automated flight service stations that are 

: obligated to take weather observations automatically qualify for AWOS. 
af Assuming installation of systems with wind, temperature/dewpoint, 
o altimeter setting, ceiling, visibility and liquid precipitation sensors, 
RN an additional 1,120 civil airport locations where NWS aviation weather 
Nee, observations are not presently available meet the establishment 
“fs criteria. These include 1,035 non-towered airports, 49 FAA tower 
, discontinuance candidate locations and 36 non-federal tower locations. 
git 
oe At average life-cycle unit costs of approximately $165,300 and $150,500 
en’ 


per system for towered and non-towered airports respectively, these 
installations equate to approximately $210.5 million (1981 dollars). 
Approximately 60 percent of the investment is incurred for facilities and 
equipment in the acquisition year, with the remainder representing 
operations and maintenance costs over an estimated 15-year economic life. 
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co A. Purpose 

ug The purpose of this report is to develop establishment and discontinuance 
iayhe criteria for automated weather observing systems (AWOS) for publication 
iy in PAA Order 7031.2B, Airway Planning Standard Number One (Reference 1). 
4 Airway Planning Standard Number One contains the policy and summarizes 
“ee the criteria used in determining eligibility of terminal locations for 

. establishment, discontinuance and improvements of air navigation 

Bs” facilities and air traffic control services. AWOS is intended to cost 
xe effectively autamate the weather observation function at locations where 
“ weather data is currently observed, recorded and disseminated manually 
a and to expand weather observation services to additional locations where 
ae they are not currently available or available only part-time. 

i. B. Background 

oa 

“8 Accurate and reliable advance weather information is essential to the 
us safety and efficiency of aviatio, and surface weather observations are 


the most important portion of it. Weather information is needed by 
va pilots, operators and air traffic control facilities for planning, safety 
is and efficiency. Information concerning hazardous weather is especially 
n needed due to the potentially serious impact these conditions may have on 
: aircraft performance and structural integrity. 
dt 


The Department of Commerce's National Weather Service (NWS) has the 
statutory responsibility to provide forecasts for navigation. While the 
NWS provides the nucleus of tthe basic weather observation program, the 
Departments of Transportation (DOT) and Defense (DOD) furnish resources 
to observe and record weather data at certain locations through mutual 
agreements. Support for civil flight operations is currently limited 
primarily to major airports where observations are taken by the NWS or by 
FAA-operated air traffic control towers (ATCT) or flight service stations 
(PSS). At many smaller airports where the government does not provide 
Surface weather observation services or where the services are provided 
only part-time, commercial operators establish Supplementary Aviation 
Weather Reporting Stations ({SAWRS) under NWS oversight to satisfy FAA 
regulations for commercial operations. SAWRS weather observations, 
however, are generally taken only when needed by the operator and are not 
. routinely available to other users. Figure 1 categorizes surface weather 
observation stations located in the fifty United States, Puerto Rico and 
the Virgin Islands, as inventoried in 1981 (Reference 2). 


Sits 


¥ pis ‘ 


« 
ey 
she 


Ve rd 


laa 
pre at th 


Although the continuing growth of aviation has increased the demand for 
weather reports and forecasts at additional locations, the costs of 
labor-intensive manual weather observing systems has prohibited their 
expansion to additional locations. Although most manual weather 
observations are taken as a part-time task, the departments collectively 
expend over 1,000 persmyears annually to provide these obser vations 
(Reference 3). Surface weather observing stations are widely separated 
in certain areas, affecting the accuracy and reliability of weather 
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FIGURE 1 


» Categories of Surface Weather Observation Stations* 

Operated Or Under Oversight of Nws | 
1 ! 
-! FAA Personnel 
'g Plight Service Stations (FSS) 216 
: Air Traffic Control Towers (ATCT) 161 377 

NWS/NWS Contract Personnel 
. Weather Service Forecast Offises (WSFO) 31 
. Weather Service Offices (WSO) 176 
"4 Weather Meteorological Offices (WSMD) 12 
. Weather Service Contract Meterological 
. Offices (WSCMD) 15 
Synoptic Weather Observing Stations 15 


Contract Basic Weather ObsSe: vation Stations 142 
Automatic Meteorological Observing Stations 66 


y Coast Guard/Marine Reporting Stations 184 641 
wy Supplementary Aviation Weather Reporting 

Stations (SAWRS) 276 1,294 
$ 
: DOD 148 
‘ Total Surface Weather Observation Stations 1,442 


*Source: Reference 2. Includes surface weather observation stations in 
the fifty United States, Puerto Rico and the Virgin Islands as 
inventoried in 1981. Far those locations with two collocated facilities, 
only one facility is reflected in these counts. 
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forecasts in those areas. Camnmercial instrument flight rule (IFR) 
operations under Parts 121 and 135 of the Federal Aviation Regulations 
(FAR) are restricted at over 1,200 airports with standard instrument 
approach procedures because of the absence of a local weather reporting 
service and at approximately 376 airports where the service is provided 
only part-time (Reference 4). Non-commercial IFR operations conducted 
under FAR Part 91 are authorized at locations without a local weather 
reporting service, but the minimum altitude of the approach procedures at 
these locations is increased in relation to the distance from the remote 
" altimeter setting source to account for potential differences in 
barometric pressure. Until 1976, the use of remote altimeter settings 
had been authorized by FAA regardless of the terrain between the runway 
and the remote altimeter setting source. However, a change (Reference 5) 
in the Terminal Instrument Procedures (TERPS) (Reference 6) prohibits the 
use of remote altimeter settings at airports in precipitous terrain. 
Based on the change, a case-by-case review of altimeter settings has 
resulted in the FAA disallowing IFR approaches or increasing the minima 
at some airports. Additionally, there have been some requests for 
authorization of new approach procedures which have not been approved due 
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to the lack of a local altimeter setting. Of 1,733 airports currently 
with approved standard instrument approach procedures, IFR approaches by 
Part 91 operators at 1,307 locations are conducted with altitude 
information derived from a remote source (Reference 4). Full time remote 
altimeter setting penalties are required at approximately 931 airports 
(Reference 4). 


These conditions suggest a need to maintain and expand accurate and 
reliable weather information services at sufficient locations to meet the 
needs of pilots, operators and air traffic control facilities. Studies 

y and experience have shown that automated systems can meet this need in 
the most oost effective manner by reducing the time devoted to weather 
observations at manned locations, providing a capability of taking 
observations at locations when facilities are closed, and expanding 

. observation services to unmanned locations. 


C. Non-Federal AWwoS 


There will be no takeover of AWOS purchased and installed by parties 

=! other than the Federal Government. This provision is an exception to the 

2 general policy of paragraph 10 of FAA Order 7031.2B, Airway Planning 
Standard Number One (Reference 1), which provides eligibility for 

ae inclusion of non-federal terminal facilities in the National Airspace 

P, System with PAA assumption of ownership, operation, maintenance and 

2] logistic support. 


D. Organization of Remainder of Report 


For convenience and simplicity, “automated weather observing systems” 
ie will be referred to in this report simply as "AWOS." 


y. Chapter II summarizes the criteria developed in this report for the 
“4 establishment and discontinuance of AWOS. These criteria will be 
ae published in FAA Order 7031.2B, Airway Planning Standard Number One 
(Reference i). 


Chapter III examines the life-cycle costs of AWOS. Because AWS may be 
tailored to meet site-specific needs, especially those at non-towered 
airports, costs {as well as benefits) are developed modularly in this 
report. 
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: Chapter IV outlines the methodology used to estimate and value AWS 
benefits. AWOS benefits include enhanced safety, efficiency, and other 
indirect but important intangible benefits. Safety benefits resu.t fran 

« reduced risk and incidence of accidents. Efficiency benefits result from 

, cost avoidance realized by ATCT's and commercial operators .ose weather 
observation functions would be replaced by AWOS, and reduced risk and 
incidence of flight disruptions of actual and would-be instrument 
approaches and overflight wind checks by visual approaches. Other 
benefits, which are indirect or intangible in that they are difficult to 
quantify and ascribe site-specifically, include benefits to departing and 
enroute aircraft, improved quality of weather information, contribution 
to the weather communications network, reduced workload of flight service 
stations, congestion relief at major airports and accident 
investigatim. Additionally, proximity penalties and remoteness premiums 


are discussed. ‘t 
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Chapter V derives Phase I screening criteria for AWOS at non-towered and 
non-federal towered airports .or publication in Airway Planning Standard 
Number One (Reference 1). As with the investment criteria for several 
other agency facilities, equipment anJj services, the criteria for AWOS at 
non~-towered and non-federal towered airports are two-phased. Phase I is 
a set of simple, generalized criteria designed to initially identify 
potential establishment and discontinuance candidates. Phase II is a 
site-specific canputerized benefit/cost screening process under which 
life-cycle benefits are computed by using official aviation activity 
forecasts to quantify the present value benefits independently for each 
year of a system's estimated 15-year economic life. 


Chapter VI provides canputer-generated listings of the results of 
applying the Phase I and II establishment criteria fo non-towered and 
non-federal towered airports to over 3,100 nom-towered, non-federal 
towered and FAA tower discontinuance candidate civil airports, based on 
Terminal Area Forecasts over the 15-year period Fiscal Years 1981 through 
1995. 


Chapter VII provides a sensitivity analysis of the assumptions used in 
this report which are uncertain or characterized by judgment. 


Chapter VIII provides a "rough" assessment of the impact of the criteria 
on agency resources to canply with FAA Order 1320.1. The impact is 
"rough" because (1) it is presently uncertain which specific AWOS 
configuration will be justified for each qualifying airport, and (2) 
meeting candidacy levels fa non-towered and non-federal towered airports 
will not mean autamatic qualification since benefit/cost screening is but 


one of several inputs to the FAA decisionmaking process relative to 
investment in facilities and equipment. 


Finally, there are included a number of appendices which support analyses 
described in the text and a list of references used in the preparation of 
this report. 
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CHAPTER II ~- SUMMARY OF ESTABLISHMENT AND DISOONTINUANCE CRITERIA 


This chapter summarizes the criteria for establishment and discontinuance 
of AWOS as developed in this report. These criteria do not apply where 
the National Weather Service (NWS), its agent, or the Department of 
Defense currently provides surface weather observation services. These 
newly developed criteria will be published in FAA Order 7031.2B, Airway 
Planning Standard Number One (APS-1) (Keference 1). APS-1l contains the 
policy and summarizes the criteria used in determining eligibility of 
terminal locations for establishment, discontinuance and improvements of 
air navigation facilities and air traffic control services. 


A. FAA _Towered Airports 


All FAA towered airports where the surface weather observation function 
is the responsibility of the FAA qualify for AWOS establishment, except 
those locations identified as tower discontinuance candidates under the 
provisions of Paragraph 5 of APS-1. Priority of AWOS establishment at 
these locations will be given to part-time facilities, followed by 
full-time facilities, in recognition of the relatively greater benefits 
of AWOS when facilities are closed. Criteria for the establishment and 
discontinuance of AWOS at non-federal towered airports and locations 
identified as tower discontinuance candidates are outlined in paragraph C 
below. 


B. Flight Service Stations 


Where an automated flight service station is obligated to take weather 
observations, that location qualifies for AWOS establishment. Other 
locations with flight service stations qualify if they satisfy either the 
provisions of Paragraph A or C. 


C. Non-Towered and Non-Federa] Towered Airports 


Establishment and discontinuance criteria for AWOS at non-towered and 
non-federal towered airports are two-phased. Phase I criteria are 
simple, generalized criteria designed to initially identify potential 
candidates. Under Phase I a ratio value is computed by summing the 
benefits provided to each user class and dividing the sum by the 
life-cycle cost. If the ratio value obtained is equal to or greater than 
the thresholds specified below, the airport becomes a candidate for 
Phase II screening. Phase II is a site-specific computerized life-cycle 
benefit/cost evaluation of candidates identified in Phase I using the 
techniques described in this report. 
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1. hase I Establishment Criteria 


a. Non-Towered and Non-Federal Towered Airports With Existing Standard Instrument 
Approach Procedures (SIAP) Or With Prospective SIAP With AWOS 


Air Carrier and Air Taxi (Lesser of (ACITN+ATITN) or (3,000)) x $25.38 = $xxxx 


Per Itinerant Per Local 


General Aviation and Military Operation Operation 
Wind Sensor $ 3.80 $ 2.28 
Temperature/Dew Point Sensors 04 02 
Altimeter Sensor 2.16 
Ceiling and Visibility Sensors 15.43 
Precipitation Sensor (s) 06 04 
Thunderstorm Sensor -01 . 0). 
(GAITN+MILITN) xSTOTAL = XXXX 
(GALCL+MILLCL) x$ TOTAL = XXxXxXX 
Phase I Value (If 1.0 or greater, location satisfies Total x AR 
Phase I Establishment Criteria) Lc 


where the terms are as defined below: 


ACITN, ATITN, GAITN and MILITN are the respective numbers of annual air carrier 
(AC), air taxi (AT), general aviaticm (GA) and military (MIL) itinerant operations; 
and GALCL and MILLCL ave the respective numbers of annual general aviation (GA) and 
military (MIL) local operations. Oderations counts may be obtained from the 
"Terminal Area Forecasts" (published annually by FAA-APO), the Airport Maste: 
Record (FAA Form 5010-1), the Airport Master File (maintained by FAA's National 
Flight Data Center), the airport mamager, or any other generally accepted source. 
Values for these activity variables in the Phase II criteria described below will 
be derived from the Terminal Area Forecast Data System. 


LCC is the applicable life-cycle cost from Table A below. 


AR is a adjusting proximity penalty or remoteness premium reciprocal. For 
candidate airports located in norprecipitions terrain and less than 10 nautical 
miles from a full-time, non-automated FAA/NWS/NWS Contract surface weather 
observation station with hanogeneous weather, a proximity penalty reciprocal of .50 
applies. Far candidate airports that are located 90 or more nautical miles fran 
the nearest full-time, non-autanated FAA/NW /NWS Contract surface weather 
observation station, a remoteness premium reciprocal of 1.25 applies. The 
adjustment reciprocal for all other candidate airports is 1.0. 
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F TABLE A 

f. 

i Life-Cycle Cost (LCC) 

r. 

4 LOC = Fixed Cost of $49,617 + Sum of Variable 

Costs Unique to Applicable Sensoring Devices* 

tS ; + $21,535 if System has Longline Canmunications 


Wi nd 

Temper ature/Dew Point 

Altimeter 

Ceiling 

Visibility 

: Liquid Precipitati@m 
Freezing Precipitation 
Thunderstom 


Air Carrier and Air Taxi 


ree ee ae pte ate rece . mine tent e, ae z 
AC CR Ld i RO ih ie, a ad ee is 


*Variable Costs Unique to Sensoring Devices: 


$ 1,999 
1,615 
3,974 

41,881 

28,517 
1,367 
3, 687 

23,175 


b. Other Non-Towered and Non-Federal Towered Airports 


(Lesser of (ACITN+ATITN) or (3,000)) x $25.38 = Sxxxx 


Per Itinerant Per Local 
General Aviation and Military Operation Oper ation 
Wind Sensor $ 3.80 $ 2.28 
Temper ature/Dew Point Sensors 04 02 
Altimeter Sensor -00 
Ceiling and Visibility Sensors 00 
Precipitation Sensor (s) 06 04 
Thunderstorm Sensor 01 O01 
(GAITN+MILITN)xSTOTAL = XXxXX 
(GALCL+MILLCL) x$ TOTAL = XXxXxxX 
Phase I Value (If 1.0 or greater, location satisfies Total x AR 
Phase I Establishment Criteria) Lc 


where the terms are as defined above in paragraph C-l-a. 
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2. Phase 1 Discontinuance Criteria 


To determine whether an AWOS installation at a non-towered or non-federal 
towered airport meets Phase | discontinuance criteria, a .atio value is 
calculated by the same procedure for establishment criteria described in 
paragraph C-1 above. If the ratio value so obtained is less than 0.45, 
the system meets Phase IL discontinuance criteria. 


3. Phase II Criteria 


Candidate airports for AWOS identified by the above criteria will be 
evaluated by the computerized benefit/cost subroutine developed in this 
report. If a benefit/cost ratio of 1.0 or greater (for establishment) or 
less than .45 (for discontinuance) is computed, the airport becomes a 
candidate. The subroutine requires the following supplemental 
site-specific data: 


a. System acquisition and installation costs (FAA Form 2500-40, F&E Cost 
Estimate Summary). 


b. Whether or not optional longline communications are proposed, and if 
required, the annual cost. 


D. Sensor Configuration 


The typical AWOS configuration includes sensors for wind direction and 
speed, temperature, dewpoint, altimeter, ceiling, visibility and liquid 
precipitation. However, AWOS installations may include additional or 
fewer sensors. For example, a cloud height (ceiling) sensor may not be 
justified at certain locations in close proximity to another observation 
site, while additional sensors, such as for freezing precipitation and 
thunderstorms, may be added if cost effective. 


E. Non-Federal AWOS 


There will be no takeover of AWOS purchased and installed by parties 
other than the Federal Government. This provision is an exception to the 
general policy of paragraph 10 of FAA Order 7031.2B, Airway Planning 
Standard Number One (Reference 1), which provides eligibility for 
inclusion of non-federal terminal facilities in the National Airspace 
System with FAA assumption of ownership, operation, maintenance and 
logistic support. 
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CHAPTER III - LIFE-CYCLE QOSTS 


A. Introduction 


This chapter examines the life-cycle costs of AWOS at FAA towered 
airports and nor-towered airports. Life-cycle costs are categorized into 
facilities ad equipment (F&E) costs, which are assumed to occur at the 
beginning of the installatio year, and recurring operations and 
Maintenance (O&M) costs, which are assumed to occur at mid-year and are 
discounted (@ 10 percent) to their present value based on an assumed 
economic life of fifteen years. The cost analysis in this chapter is 
based in large part on the Autanated Weather Observing System (AWOS) Cost 
Analysis (Reference 2), perfarmed by Kentron International for the FAA 
AWOS Program Office. While the costs outlined in Reference 2 are in 
mixed year dollars, the costs in this analysis are denominated in 1981 
dollars to be consistent with benefit valuations and costs in other parts 
of this report. Certain other modifications were made to the analysis 
from Reference 2 to adhere to standards of the Office of Management and 
Budget . 


Figure 2 summarizes unit life-cycle cost estimates in 1981 dollars of 
canplete AWOS installations at FAA towered airports operating 24 hours 
daily and non-towered airports. For purposes of this report, non-federal 
towered airports are treated as non-towered airports. The cost estimates 
in Figure 2 reflect quantity procurement of quality equipment presently 
Or soon to be available on the commercial market. AWOS may be tailored 
to meet site-specific needs. For example, at a particular site, certain 
weather sensors may not be necessary, certain output media may not be 
desired, or the telephone answering device or longline communications may 
not be required. In recognition of this possibility, costs (as well as 
benefits) are developed modularly in this report. In this way, benefits 
can be matched with costs and a benefit/cost ratio can be easily computed 
for any given AWOS configuration. Figure 3 (for FAA towered airports) 
and Figure 4 (for nonm-towered airports), by categorizing costs by fixed 
costs (those which remain generally fixed regardless of the number of 
sensoring devices canprising the system) and variable costs (those which 
vary depending upon the sensor configuration), provide the means for 
canputing the costs of a given AWOS configuratim. The costs in Figures 
3 and 4 flow directly from those in Figure 2, based on the methodology 
explained in the following paragraphs. 


B. Facilities and Equipment Costs 


1. Sensors. The sensor oosts are carried directly from Figure 2 to 
Figures 3 and 4, except that the average unit module costs for 
wind, temperature, dew point, visibility and precipitation 
signal conditioning are included. 


2. Tower, Guys, Anchors. 


3. Signal Conditioning. When the sensors are separated from the 

data processing equipment by large distances, the sensor output 
Must be amplified by a translator or signal conditioning 
module. In some installations, because of the proximity and 
compatability of the sensors with the processor, the signal 
conditioner may be omitted. 
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Central Processor. 


Output Equipment. The outputs of the central data processor can 
be tailored. Data may be output to a digital display, to a 
printer, to a wice generator far voice broadcasts to airborne 
aircraft, to a telephone answering device (i.e., Pilot Autanatic 
Telephone Weather Answering Service), and/or through a modem for 
inclusion in the National Weather Data Bank. 


Initial Spares. When an AWOS is installed, spare parts must be 
available to provide for replacement or repair of malfunctioning 
equipment. It is assumed that adequate spares can be made 
available for approximately 25 percent of the “total equipment 
cost" (F&E costs before costs far "initial spares" and "other 
F&E"). 


aL 8 


i 


Other F&E Costs. Other F&E oosts include system design, 
canpatibility checks, delivery, installatimm and testing. These 
costs are estimated at approximately 35 percent of "total 
equipment cost" (F&E costs before costs for "initial spares" and 
"other F&E"). 
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C. Operations and Maintenance Costs 


l. Observation Personnel. 


a. FAA Towered Airports. Under existing manual weather 
observing systems at FAA towered airports, weather 
observations are taken by NWS personnel, by FAA air traffic 
control specialists as a secondary functim, or in cases 
where there is a collocated flight service station, by 
flight service specialists. Recall, however, that the 
criteria developed in this report for FAA towered airports 
are applicable only to those locations where the FAA, as 
opposed to the NWS or its agent, is responsible fa the 
weather observation functim. AWOS relieves the workload 
of the personnel perfarming these functions by 
autanatically observing, recording and transmitting weather 
information. At this writing, state-of-the-art AWOS is mt 
capable of measuring all weather phenanena. For example, 
smoke, haze, dust and fog cannot be identified tw 
commercially available sensors. Such weather data, 
however, can be manually entered into AWS as specific 
remarks when it becanes necessary to augment the autanatic 
observations. Since the need fa@ these manually entered 
remarks is rare, it is estimated that there will be a 
reduction of 95 percent in the time devoted to the weather 
obser vation function once an AWOS is installed. The NWS 
has found that about 25 percent of one person's time on 
duty is required to manually observe, record and transmit 
the weather (per Reference 2). This factor is the average 
amount of time required for these functions, taking into 
account routinely hourly observations during periods of 
good weather and greater amounts of time monitoring 
conditions during marginal, changing and hazardous 
weather. This factor was checked by Reference 2 during 
visits to FAA facilities and appears valid. Given these 
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asSunptions then, only 1.25 percent of the observer's time 
(or 18 minutes a day) is necessary to augment AWOS ((.25 x 
(1-.95)) = .0125; .0125 x 24 hrs./day x 60 mins./hr. = 

18 minutes). For an AWOS-equipped towered airport 
Operating 24 hours daily, Figure 5 derives a estimated 
annual cost of weather observatiq@m personnel of $2,162. 


b. Non- towered Airports. Since there are no weather 
observation personnel at non-towered airports, other than 
those with a flight service station, there are no costs 
that accrue in this category. The pilot is totally 
dependent upon the output of the automated system. 


Maintenance Personnel. This analysis assumes that AWOS 
equipment will be maintained by government-employed maintenance 
Specialists. 


a. FAA_Towered Airports. At FAA towered airports, maintenance 
technicians are assumed to be on site. It is assumed that 
4 days annually are required for preventive maintenance and 
an additional 4 days annually for wprogrammed 
maintenance. Assuming a GS-11/5 annual salary of $25,486 
over 9 months and $26,710 over 3 months equates to a 
weighted 1981 salary of $25,792. This salary must be 
adjusted by a fringe benefits overhead factor of 1.26 (per 
Reference 7). The annual cost of maintenance personnel far 
AWOS can then be calculated as: 


(8/365) x $25,792 x 1.26 = $712 


b. Non-towered Airports. The above analysis for FAA towered 
airports is also applicable to non-towered airports, except 
that an allowance must be made for travel to and fram 
remote locations. Allowing 4 persondays per year to 
accomodate travel time and assuming transportation and 
related travel costs amount to $150 for each day of travel, 
the annual maintenance personnel costs for AWOS at a 
non- towered airport can be calculated as: 


((12/365) x $25,792 x 1.26) + (8 x $150) = $2,268 


Spares. The costs of recurring annual spares inventories 
Parallels that for initial spares discussed above in paragraph 
B-6. The estimated average annual cost to repair equipment seat 
to a depot or manufacturer for reconditioning is assumed to be 
l percent of “total equipment cost" (F&E costs before costs far 
“initial spares" and “other FXE"). Replacement of those items 
that are not repairable is estimated at 2 percent of the “total 
equipment cost." 


Canmunications. At FAA towered airports, local weather 
Observations are nomally transmitted to the Weather Message 
Switching Center. Weather observations at non-towered airports 
May or may not be of such value that they must be transmitted to 
and collected by the central weather data network. When this 
information is not essential, no lmgline is necessary. 

However, when local observations are of value to the central 
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FIGURE 5 


Estimated Annual Cost of Weather Observation Personnel at _an FAA 


Towered Airport Operating 24 Hours Daily (1981 Dollars) 


Annual Hours of Operatim (365 x 24) 


Productive Hours Per Observer 


Annual Hours Available (52 x 40) 2,080 
Less: Vacations 120 

Sick Leave 40 

Holi days 88 

Training + 20 ~ 268 


Net Annual Personyears (A/B) 

Annual Supervisory Persmyears 

Total Annual Personyears (C + D) 

Fraction of Observer's Time Required to Augment AWOS 
Personyears Required Annually to Augment AWS (E x F) 
Average Annual Salary after Fringe Benefits2/ 


Annual Obser vation Personnel Costs (G x H) 


1/source: Reference 2 (modified). 


2/the median 1981 salary of surface weather observation personnel, 


including NWS personnel, FAA controllers and FM flight service 


specialists, was $25,234. 


8,760 


x31, 795 


$ 2,162 


Applying a fringe benefits overhead factor of 


: 26 percent (per Reference 7) results in an average annual salary after 
| fringe benefits of $31,795. 
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FIGURE 6 


Estimated Annual AWOS Communication Costs (1981 Dollars) 


Non-Towered Airports 
FAA With Without 


Re Towered Airports Longline Longline 

¥ Longline* $2,700 $2, 700 $ 0 

a Telephone + 220 + 220 + 220 
$2, 920 $2, 920 $ 220 


*Related to distance. 


weather data network, the longline is desirable. Average annual 
a communication costs associated with AWOS are sunmarized in 

ae Figure 6. On a site-specific basis, longline communications 
costs may vary Since they vary with distane. 
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Facilities. 


~e a. FAA Towered Airports. Facility costs of AWOS include the fair 
Ne market value of the realty and the costs of utilities associated 
x with the weather observation function. Most weather sensors are 
mounted outdoors, while their displays and associated 
electronics are housed indoors. Utility costs include those far 
the building and power requirements for operation of the 


“ sensors, display and associated electronics. At FAA towered 

ey airports, where the FAA is responsible for the weather 

f observation function, it is assumed that an area 8 feet by 10 

A. feet (80 square feet) is required to acccamodate the equipment. 

™. An additional area of 10 feet by 15 feet (150 square feet) is 
necessary for the observer, but since only 1.25 percent of the 

ne observer's time is devoted to augmenting AWOS (as explained 

ec. above), only 1.25 percent of this area (or about 2 square feet) 

“"q! is chargeable to the weather observation function. At an 

aS average fair rental value of $20 per square foot, the annual 


cost of floor space is $1,640 (82 square feet x $20). Assuming 
utility costs of $2 per square foot for the building and $50 per 
month for operation of the sensors, display and associated 


oor 

mt electronics, the annual cost of utilities is $764 (82 square 

ae feet x $2) + ($50 per month x 12 months)). Adding these charges 
ne together, annual facility costs for AWOS at an FAA towered 


airport total $2,404. 


45 b. Non- towered Airports. At non-towered airports, total space 


v4 requirements are assumed to be only 8 feet x 8 feet (64 square 
ey. feet), because the CRT display and teletype printer are not 
x installed and there is no Space requirement for an observer. 
44 


Assuming utility costs far operation of the sensors, display and 
associated electronics of $40 per month and keeping other 

a assumptions as for FAA towered airports, the annual facility 

oe costs for AWOS at a nomtowered airport total $1,888 ((64 square 
ie feet x $20) + (64 Square feet x $2) + ($40 per month x 12 
months) ). 
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D. Determining the Life-Cycle Cost of a Given System 


Re Since the costs in the chapter ¢re derived modularly, life-cycle costs 
ty can be easily estimated fo various AWOS configurations. The life-cycle 
e cost of a given AWOS installation can be determined from Figure 3 (for an 
r. FAA towered airport) and Figure 4 (for a non-towered airport) by summing 
o the life-cycle fixed costs and the life-cycle variable costs unique to 
ne the applicable sensoring devices. 
= For example, an AWOS installation at an FAA towered airport having all 
the sensors outlined in Figure 3 has a life-cycle cost in 1981 dollars of 
so approximately $192,000, computed as follows: 
= Fixed Costs $ 85,915 
a 
d 
ad 
a Variable Costs: 
~ Wind $ 1,999 
a Temper at urefew Point 1,615 
y Altimeter 3,974 
” Ceiling 41,881 
eS Visibility 28,517 
Liquid Precipitati@m 1,367 
n Freezing Precipitation 3, 687 
X: Thunderstorm +23,175 +106,215 
ry $192,130 
% An AWOS installatimm at a nonm-towered airport having all the sensors 


outlined in Figure 4 has life-cycle costs in 1981 dollars of 
approximately $177,000 with and $156,000 without longline communications, 
ae computed as follows: 


S Fixed Costs $ 49,617 
= 
Variable Costs: 

bh,» 

Wind $ 1,999 

y Temper atuce/Dew Point 1,615 

. Altimeter 3,974 

ig Ceiling 41,881 

Visibility 28,517 

~ Liquid Precipitation 1,367 

me . Freezing Precipitation 3, 687 

~ Thunderstorm +23,175 +106,215 
& $155,832 
+ Longline communications, if applicable + 21,535 

m4 $177,367 
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At the date of this report, the typical AWOS configuration is initially 
projected by the FAA AWOS Program Office to include sensors for wind 
direction and speed, temperature, dew point, altimeter, ceiling, 
visibility and liquid precipitatim. However, future configurations may 
include additional or fewer sensors. For example, a cloud height 
(ceiling) sensor may not be justified at certain locations in close 
proximity to another observation site, while additional sensors, such as 
for treezing precipitation and thunerstorms, may be added if cost 
e{fective. The life-cycle costs in 1981 dollars of the basic 
configuratiqm are outlined below for FAA towered and non-towered airports: 


FAA Towered Non-Towered 
Airports Airports 


Fixed Costs (Includes longline communications $ 85,915 $ 49,617 
for FAA towered airports) 


Variable Costs: 


Wind $ 1,999 
Temper at ure/Dew Point 1,615 
Altimeter 3, 974 
Ceiling 41, 881 
Visibility 28,517 
Liquid Precipitation + 1,367 + 79,353 + 79,353 
$128,970 
Longline communications, if applicable + 21,535 
$165,268 $150,505 


CHAPTER IV — ESTIMATION AND VALUATION OF AWOS BENEFITS 


A. Introduction 


The establishment and disoontinuance criteria for AWOS at FAA towered 
airports are derived in this report through a cost~effecti veness 
analysis, while those far non-towered and non-federal towered airports 
are based on a conventional benefit/cost analysis. This chapter 
examines, in quantitative and qualitative terms, the benefit cides of 
these analyses. Cost-effectiveness analysis, or more specifically 
least-ocost analysis, concentrates on identifying the least expensive way 
of producing a given amount of a certain output, or as applied in this 
report, the most cost effective means of the continued provision of 
weather observation services at FAA towered airports where the FAA, as 
opposed to the NWS or its agent, is responsible fa the weather 
Observation functi¢. Benefit/cost analysis, as applied in this report, 
iS a quantitative evaluation in which the life-cycle capital, operating 
and maintenance costs of AWOS are canpared with the dollar value of the 
life-cycle benefits that are expected. Intuitively, benefit/oost ratios 
of one or more are good investments, while those of less than one are 
poor investments. 


Part 91 of the Federal Aviation Regulations (FAR) requires that all 
control zones have weather observation services. Since FAA towered 
airports constitute control zones, weather observations are required at 
FAA towered airports. Most equipment presently installed in manual 
weather observing systems is over 20 years old and is approaching or past 
the end of its ccmomic life (Reference 2). Given these regulatory and 
operating constraints, Section B of this chapter summarizes a life-cycle 
cost-effectiveness analysis of various alternative systems of observing, 
recording and disseminating weather data at FAA towered airports. The 
analysis clearly shows that AWOS is the most cost effective means of 
providing weather observation services at FAA towered airports. 


Unlike FAA towered airports, weather observation services are not 
necessarily required at non-towered and non-federal towered airports. 
Although the continuing growth of aviation has increased the need of and 
demand far weather observations at additional locations, the costs of 
labor-intensive weather observing systems has prohibited their 

expansion. At many airports where the government does not provide 
weather observation services, commercial operators have established 
self-operated Supplementary Aviation Weather Reporting Stations (SAWRS) 
to satisfy FAR Parts 121 and 135 which require weather observations for 
commercial instrument flight operations. The quantifiable benefits 
ascribable to the establishment and operation of AWOS at non-towered and 
non-federal towered airports include safety and efficiency. Safety 
benefits, addressed in Section G2 of this chapter, result from reduced 
incidence of accidents for which unfavorable winds, density altitude, low 
ceiling/visibility, precipitation or thunderstorms are causes and/or 
factors. Efficiency benefits, addressed in Section C-3, result fran cost 
avoidance realized by SAWRS operators whose weather observation functions 
would be replaced by AWOS, reduced incidence of diversions and 
cancellations of actual and would-be instrument approaches and 
overElights by visual approaches. Section C-4 outlines proximity penalty 
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and remoteness premium provisions which compensate far close proximity to 
ox remoteness from a full time, nen-autamated FAAANW WNW Contract 
surface weather observation station. 


Section D addresses other benefits of AWOS which are termed indirect or 
intangible because they are difficult to quantify and ascribe 
site-specifically. These include benefits to departing and enroute 
aircraft, improved quality of weather informatim, contribution to the 
weather communications network, reduced workload of flight service 
stations, congestion relief at major airports and accident investigatim. 


AWOS installations may be tailaed to meet site-specific needs. 
Differing requirements for various non-towered and nomfederal towered 
airports may result in establishment of different AWS configurations. 
In recognition of this possibility, benefits (as well as costs) for 
non~ towered and non-federal towered airports are developed modularly in 
this report to facilitate computation of the benefit/cost ratio of the 
tailared system proposed for the airport in question. 


B. FAA_Towered Airports 


1. Introduction 


As mentioned above, FAR Part 91 requires weather observations at FAA 
towered airports. Most equipment presently installed in manual weather 
observing systems is over 20 years old and approaching the end of or past 
its economic life (Reference 2). Sane equipment is no lamger in 
production and spare parts are sometimes difficult to find fa others. 
Modern instrumentation provides easier reading with greater accuracy and 
less maintenance through digital displays as compared to dial instruments 
currently in general use. Given the state of existing weather observing 
systems and the regulatory requirement for weather observing services, 
Sectim 4-2 justifies the regulatory requirement for weather obser ving 
systems at FAA towered airports in cost versus benefit terms and then 
identifies the most cost-effective system through a least-cost analysis 
of various alternative systems of collecting and disseminating weather 
data at manned weather observation stations. These alternatives range 
from replacing current manual weather observing systems with new manual 
systems to replacing them with AWOS: 


a. Manual Weather Observing Systems 
(1) FAA_or National Weather Service (NWS) Observers 


(2) Contract Observers. Under this option, NWS contracts 
with private canpanies or individuals, under NWS 
oversight, to obtain basic aviation-orig@mted weather 
Observations (Contract Basic) or camplete aviation 
weather observations (Weather Service Contract 
Metecrlogical Observatory or WSCM). 


(3) Supplementary Aviation Weather Reporting Stations 
(SAWRS). At many locations where the government does 


not provide aviation weather observations or where the 
service is provided only part-time, commercial 
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operators establish these stations under NWS oversight to 
satisfy FAA regulations for commercial instrument 
Operations. fyuipment and personnel costs are borne by 
the commercial operator. 


b. Automated Weather Ubserving Systems (AWOS) 


Costs are analyzed in Sectim B-3 for each of the above manual 
weather observing systems. In Section B-4, the results of the 
analysis in Sectim B-3 and the AWOS costs developed earlier in 
Chapter III are combined and converted to their life-cycle cost 
equivalents. It will be shown that AWOS is the most cost 
effective means of providing weather observing services FAA at 
towered airports. 


2. Justification of Weather Observation Services at FAA Towered 
Airports 


As mentioned above, FAA towered airports are required to have 
weather observation services by virtue of FAR Part 91 which 
requires weather »bservations in control zones. Although there 
are several benefits to these requirements, they are essentially 
based on safety considerations. Later, in Section C of this 
chapter, safety benefits are derived for weather observations at 
non- towered and non-federal towered airports by comparing historic 
weather-related accident rates with weather observations and 
weather-related accident rates without weather observations 
available. This approach to quantifying safety benefits cannot be 
directly used fa@ FAA towered airports, however, because FAA 
towered airports have historically had weather obser vation 
services. However, by making certain adjustments to the analysis 
for nomtowered and non-federal towered airports, a baseline 
justification can be derived far the provision of weather 
observing systems at FAA towered airports. 


Figure 7 derives safety benefits of weather observations per 
activity unit at FAA towered airports for each user class by 
weather phenomena by analogy with the analysis derived later in 
Section C of this chapter for nonmtowered and non-federal towered 
airports. To account fa@r the impact of more landing aids and 
other factors which would bear on a canparison of weather-related 
accident rates with and without weather observations at FAA 
towered airports, all avertable accident rates are reduced by one 
third. Avertable wind-related accident rates are reduced an 
additional third for the air taxi user class and two thirds for 
the air carrier user class in consideration of their greater 
aircraft weight and lesser proneness to such accidents as canpared 
to the general aviation user class. Figure 8 applies the results 
from Figure 7 to 1981 air traffic activity at FM-operated ATCT's. 


The foregoing assumptions were factored into this analysis to 
account for the historical accident rate differences at airports 
having many as opposed to few or no landing aids. While these 
assumptions should not be considered gospel, they do adequately 
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describe the relative differences in accident potential between 
these airpoct types. Thus, the requirement for weather 
observation services can be justified at FAA towered airports on 
the basis of safety alone. Of course there are benefits other 
than Safety ones, but the purpose here is simply to ascertain 
whether or not mandatory weather observation services at FAA 
towered airports are economically justified. Having established 
that they are, the analysis now becanes one of cost effectiveness. 
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3. Costs of Manual Weather Observing Systems 


a. Introduction 


As mentioned above, this analysis assumes that since most 
equipment presently installed in manual weather observing systems 
is over 20 years old and approaching the end of or past its 
ecmomic life, new equipment must be scheduled to replace the 

old. The cost ammalysis in this scction is tailared in large part 
after the Autanated Weather Observing System (AWOS) Cost Analysis 
(Reference 2), performed by Kentron International for the FAA AWOS 
Program Office. While the costs outlined in Reference 2 are in 
mixed year dollars, the costs in the following analysis are 
denominated in 1981 dollars to be consistent with benefit 
valuations and costs in other parts of this report. Certain other 
modifications were made to the analysis from Reference 2 to adhere 
to standards of the Office of Management and Budget. Costs are 
categorized into those for replacement obser vation equipment, 
observation personnel, maintenance personnel, spaces inventory, 
communications equipment and facilities. 


b. Replacement Observation Equipment 


Figure 9 outlines estimated obser vati@m equipment replacement 
costs at manned weather observing stations as they are currently 
structured. The equipment replacement costs outlined in Figure 9 
are based on catalog or vendor estimated "off-the-shelf" prices. 
When appropriate, quantity discounts are taken into account. 
Installation costs are oonservatively estimated in that they are 
based only on the removal of the old equipment and acquisition of 
and replacement with the new. Existing cables, wires, supporting 
structure, etc. are assumed not to require replacement. [It is 
also assumed that transportation charges can be absorbed within 
the estimates made. Note that NW-approved equipment at SAWRS 
facilities, as they currently exist, is far less sophisticated 
than that installed at FAA and NWS sites. Through austere, this 
equipment provides the SAWRS operator with an approved capability 
for obtaining necessary weather observation coverage for his 
operations. Bguipment and personnel oosts are borne by the SAWRS 
operator. 


c. Weather Observation Personnel 


Figure 10 outlines calculations of the estimated annual costs of 
observation personnel for manual weather observing stations 
operating 8, 16 and 24 hours per day. 


As discussed earlier in Chapter II, the NWS has found that, on 
average, about 25 percent of one person's time m@ duty is required 
to manually observe, record and transmit the weather at airport 
locations with FAA or NWS observatim@m personnel. This factor is 
the average amount of time required fa@ these functions, taking 
into account routinely hourly observations taken during periods of 
good weather and greater amounts of time monitoring conditions 
during periods of marginal, changing and hazardous weather. This 
factor was checked by Reference 2 during visits to FAA facilities 
and appears valid. 
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i, Ne 
: ~ FIGURE 9 
ta 
eyo Estimated Weather Obser vation Equipment 
Replacement Costs (1981 paltry 
ey FAA, NWS and WSCMO Stations (except SAWRS-only stations) 
i 
ne Wind Direction and Speed $ 1,090 
eas Ambient Temperature and Dew Point 610 
caee Dual Altimeter Setting Indicators 2, 300 
ae Laser Ceil aneter 22,950 
ae Visibility 15, 750 
yi Liquid Precipitation Quantity 5 40 
~~ Signal Conditioning Hyuipment 2/ 2,430 
or Display Terminal ; + 1,810 
we $47, 480 
ioe Contract Basic Stations 
ye Wind Direction and Speed $ 1,090 
a Ambient Temperature and Dew Point 610 
— Station Pressure 840 
: Liquid Precipitation Quantity 540 
vs Signal Conditioning Bquipment2/ 2, 430 
as Display Terminal + 1,220 
a $ 6,730 
bs 
Pe SAWRS-Only Stations 
a, Wind Direction and Speed $ 810 
acts Ambient Temperature and Dew Point 50 
se Altimeter Setting Indicator 230 
at? Sight Clinaneter and Ceiling Light + 810 
a $ 1,900 
1/1982 dollars from Reference 2 discomted to 1981 dollars @ 10 percent 
: and rounded to the nearest $10. The application of a specific price 
Ps, index was considered unwarranted here, given the pro farma, preliminary 
nature of the cost estimates in Reference 2. 
ue 2/frequired far new types of sensors. 
Re 
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Under WSCMD oontracts, under which complete aviation weather observations 
are provided, payment is based on the manpower necessary to fulfill the 
contractual requirements. The average cost of WSCMD oontracts was 
$88,500 in FY 1982 per Reference 2. Contract Basic agreements provide 
payment for each hourly weather observation taken. Special observations 
are not nomally taken. The NW has calcul ated the average cost of such 
contracts to be $1.90 per observation (1980 dollars) per Reference 2. As 
mentioned earlier, the mixed dollar values in Reference 2 have been 
onverted to and denominated in 1981 dollars in this section to be 
consistent with benefit valuations and costs in other parts of this 
report. At a conservative annual rate of increase in personnel oosts of 
5 percent, the costs cited above for WSCM and Contract Basic agreements 
can be restated in 198] dollars as approximately $84,300 per year and 
$2.00 per obser vatim, respectively. 


The primary job responsibility of SAWRS personnel usually is that of 
canpany dispatcher and ground handling of aircraft, passengers and crew. 
Consequently, the weather observation function is a secondary, al though 
necessary, functim. It is assumed that 25 percent of the salaries of 
SAWRS personnel is attributable to the weather observation function. 
SAWRS personnel costs are borne by the operator, while training of 
personnel is provided by the NW. 
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dad. Maintenance Personnel 
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Three levels of maintenance are performed at the observing site: 
preventive maintenance, repair on-site, and :ranove/replace/send away for 
depot or mamufacturer repair. Preventive maintenance, which is performed 
ao a periodic schedule, includes operations functional checks, 
calibration, lens cleaning, etc. Onsite repairs include those actions 
within the capabilities of the local maintenancw. Problems which cannot 
be solved by the local maintenance facility are resolved by replacement 
and shipping the defective equipment to a depot or manufacturer. 
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Figures 11 and 12 summarize the annualized cost of maintenance personnel 
(in 1981 dollars) for manual weather observing systems. Maintenance 
personnel at weather observing stations are responsible for other, 

non weather related equipment also. As an estimate of the maintenance 
manpower required to maintain existing government manual weather 
observing systems, this analysis rests on the NW standard that, on 
average, approximately 36 percent of technicias' time is devoted to 
weather equipment (Reference 12 as cited by Reference 2). The NWS 
standard does not differentiate between a one, two or three shift 
Operatian. Maintenance personnel costs under WSCM contracts are assumed 
to be the same as NWS locations. Because of the equipment simplicity 
typical of Contract Basic stations, maintenance manpower costs at these 
Sites are assumed to be half of those at NWS stations. Maintenance of 
weather equipment installed at SAWRS locations is generally accanplished 
by the operator or by a maintenance techniciam wder oontract. 


e. Spares Inventory 


Spares inventory costs include those of the local spares inventory, 
spares inventory at higher echelons in the supply system, the maintenance 
costs at the depot or mamufacturer to restore malfunctioning equipment to 
operational status, and the cost of replacing irrepairable equipment. 
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FIGURE 11 
Persmyears Devoted Annually to Maintain PAA /NWS/WSCMO 
Manual Weather Observing Systems 
FMA NWS / WECMO 

(A) Annual Work Hours (365 x 8) ; 2, 920 
(B) Productive Hrs. per Techniciam Annual Hrs. Available (52 x 40) 2,080 

Less: Vacations, Sick Leave, Holidays and Training - 268 

Net Productive Hours 1,812 
(C) Net Annual Persmyears (A/B) 1.61 
(D) Annual Supervisory Personyears2/ + .20 
(E) Total Annual Persmyears (C + D) 1.81 
(F) Fraction of Time Devoted to Weather Observation 

Equi pment 3/ x 36 
(G) Persmyears Devoted Annually to Weather Obser vation 

Kquipment (E x F) -65 


1/source: Reference 2 (modified). 
2/assumes ratio of supervisors to employees of approximately 1:8. 
3/see text. 


FIGURE 12 


Annual Costs of Maintenance Personnel for Manual 


Weather Observing Systems (1981 Doll ars)¥/ 


Teal 


FAA (NWS/WSCMO Contract Basic SAWRS 


Persmyears Devoted Annually to Weather 


Observation Equipment .652/ 
Average Annual Salary after Fringe Benefits x32, 4983/ 
Annual Maintenance Personnel Costs $21, 124 $10, 562 $300 


1/ Source: Reference 2 (modified). 

2/ Fran Figure ll. 

3/ weighted 1981 salary of $25,792 x 1.26 fringe benefits overhead factor = 
$3 2,498. 
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Kecping with the assumption that most present manual weather observing 
systems are approaching the end of or past their ecmomic lives and must 
be replaced, the onosts of existing spares inventories far these systems 
are sunk. The cost of establishing an initial spares pool for new manual 
observing systems is estimated at 25 percent of the cost of the new 
replacement equipment. As time passes, this pool must be replenished as 
Spares are used to return equipment to operating status. It is estimated 
that the average annual cost to repair equipment that is annually 
returned to a depot or manufacturer fa@ reconditioning is 4 percent of 
the total equipment replacement cost. Further, the average annual cost 
of equipment that must be procured as replacement fa@ equipment that is 
no la@ger repairable is estimated at 8 percent of the total equipment 
replacement mst. Based on these assumptions, Figure 13 summarizes the 
estimated costs of establishing the initial spares pool and annual repair 
and replacement oosts. 


FIGURE 13 


Estimated Spares Inventory Costs for Manual Weather 
Observing Systems (1981 Dollars)* 


FAA, NW and WSCMO SAWRS- 

Stations (Except Contract Only 

SAWRS -Only) Basic Sites 

Initial Spares Casts (@ 25%) $11, 870 $1, 683 $ 475 
Annual Spares Replenishment Costs 

Repair Cost (@ 4%) $ 1,899 $ 269 $ 76 

Replacement Cost (@ 8%) + 3,798 + 538 + 152 

Total $ 5,697 $ 807 $ 228 


*Source: Reference 2 (modified). 


£f. Canmumi cations 


At FAA towered airports, surface weather data is observed, recorded, 

cam unicated to local users, and inputed to the central weather data 
network for dissemination to other users. Annual communications costs 
allocable to the weather observation functim are shown by station type 
in Figure 14. At FAA ATCI's and SAWRS locations, weather data is relayed 
by telephone or electrowriter to the designated FSS for input into the 
weather data network. Because the communications costs far the weather 
observing functim are small for these facilities, a conser vative 
approach is taken in this analysis of not charging or allocating any 

cam unication costs to the weather observation functim at these 
facilities. The standard installation at the majority of FSS's is the 
Western Union leased Service A which includes maintenance of equipment 
and circuits. Because communications include not only distributing local 
weather obser vations but also receiving weather briefing infomation 
(observations, forecasts and NOTAMS) from other stations, only 10 percent 
of the annual communication costs of FSS's is charged to the weather 
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observation function in this analysis. At NWS locations, those with NS 
7 obser vers or NW contract observers, camunications circuits are 

.. commercially leased. Since the NW longline is used ex:lusively to 

. transmit weather obser vations from these stations, 100 percent of the 

‘ annual oost can he charged to the weather observation function. 


= FIGURE 14 
« 
; Estimated Annual Canmunications Casts Allocable to Manual Weather 


1 Observing Systems (198) Dollars) 


NW Obser ver NWS 
ATCT FSS Contract Observer SAWRS 


' 
. 
oat 
mi —— 
‘ 
3 
4 


Longline2/ $270 $2, 700 
Tele phone/? rocessor/ 
_ E lectrowriter +216 216 
a". Maintenance 1,260 
re Spares + 90 
oe Total $ 0 $486 $4,266 $ 0 
: 1/ 1982 dollars from Reference 2 disaoumted to 1981 dollars @ 10 
Pe3 percent. The application of a specific price index was considered 
me unwarranted here, given the pro farma, preliminary nature of the 
oe estimates in Reference 2. 
og 2/_ Related distance. 
¥ “g. Facilities 
a The discussion of facility costs fa@ manual weather observing systems 


parallels closely with those discussed in Chapter 3 for AWOS. Facility 
costs include the fair market value of the realty and the costs of 
utilities associated with the weather observation functim. While most 
weather sensors are mounted outdoors, their associated electronics and 
displays are housed indoors. Utility costs include those for the 
building and power requirements far operation of the sensors, display and 
associated electronics. 


At stations with FAA, NW or NW contract observers (except Contract 
aS Basic stations), it is assumed that an area of 8 feet by 10 feet 
"4 (80 square feet) is required to accommodate the equipment. An additional 
: area of 10 feet by 15 feet (150 square feet) is necessary for the 
: observer, but since only 25 percent of the observer's time is devoted to 


the weather observation functim, only 25 percent, or approximately 

- 37 square feet, of this floor area is chargeable to the weather 

“. observation functim. The total area required is then 117 square feet. 
° A fair market value of $20 per square foot is assumed. Annual utility 

a7. costs for the building are estimated at $2 per square foot and those for 


Operation of the sensors, display and associated electronics are 
estimated at $30 per month. At SAWRS and Contract Basic stations, which 
typically have less equipment, space requirements are assumed to be 

8 feet by 6 feet (48 square feet) for the equipment and 25 percent of an 
area 8 feet by 10 feet (or 20 square feet) fa the observer, or a total 
of 68 square feet. The fair maket rental valve and annual utility costs 
for these facilities per square foot is assumed to be the same as those 
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Sites above with FAA, NW or NW contract observers, but the costs of 
power requirements for operation of the sensors, dispiay and associated 
electronics is assumed to be $20 monthly. Based on these assumptions, 
Figure 15 summarizes the facility costs for each of the various manual 
weather observation alternativws. 


Figure 16 sumnarizes the analysis in this section by deriving unit 
life-cycle costs for each of the manual weather obser vatiqm alternatives 
discussed. By further displaying the life-cycle cost of AWOS, as derived 
in Chapter III, Figure 16 provides a summarized cost canparison of 
alternatives far providing weather observation services at manned 
stations. The acceptable manual weather observing system options at 
locations with an active ATCT are those with either FAA, NWS personnel, 
or full-time WSCM contract personnel taking observations. The Contract 
Basic option is not a acceptable alternative because its relatively 
lower cost is based only on limited weather observation ooverage and does 
not reflect transmission of cirrent weather observations to inbound 
aircraft. The exclusive use of SAWRS at an active ATCT is not considered 
an acceptable alternative since their weather observations, under current 
practice, are not always available to other users of the airport. 
Although these limitations could oonceivably be overcome by contractual 
negotiation and higher costs, the life-cycle costs of these alternatives 
even with these limitations are greater than those of AWS. 


Figure 16 clearly shows that the life-cycle cost of AWOS at an airport 
with an active FAA ATCT is less than the life-cycle costs of any of the 
manual weather observing systems currently in use at manned stations. 
Additionally, the life-cycle cost of AWOS is less than the costs of 
manual systems when obser vations are reaorded by personnel at an FSS 
station. The weighted average life-cycle cost of manual weather 
observing systems acceptable at locations with an active ATCT is nearly 4 
times that fa AWOS, a margin which makes AWOS cost effective even at the 
least active of part-time ATCT's. The canparative advantage of AWO is 
even greater when oonsidering that AWOS, when supplemented by controller 
input for present weather, provides at least as much and usually more 
service than manual weather observing systems. Therefare, locations with 
an active FAA ATCT where the surface weather obser vation function is the 
responsibility of the FAA automatically qualify fa@ AWS. Priority of 
AWOS establishment at these locations will be given to part-time 
facilities, follwed by full-time facilities, in recogition of the 
relatively greater benefits of AWOS when facilities are closed. AWwdS 
investment criteria for non-federal towered airports and locations that 
are identified as tower discontinuance candidates will be that used for 
non- towered airports, as developed in Section C of this chapter and 
summarized in Chapter II of this report. 


The cost of weather observation personnel is by far the greatest single 
canponent of the life-cycle cost of each of the various manual weather 
observating systems. Analysis of Figure 16 shows that for the acceptable 
manual weather observing systems at FAA towered airports, the weighted 
life-cycle cost of weather observation personnel represents approximately 
55 percent of the weighted total life-cycle cost. Given this 
materiality, the issue and nature of the costs of weather observation 
personnel needs to be further scrutinized. 


"Cost savings" may be visualized from two perspectives--direct cost 
Savinys and efficiency gains. “Direct cost savings,” as the name 
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implies, are where actual dollar outlays are reduced with output levels 
renaining at least constant. Conceptually, or theoretically, direct 
dollars savings can be realized through reduced staffing levels by 
replacing labor intensive manual weather observing systems with AWOS. 
Practically, however, human resources in the short-term ar? not as 
interchangeable and substitutable as other factors of prodiction such as 
equipment and material. This oonstraint, however, is only short term. 
In the L@mgrun all costs of production or output are variable. If cost 
savings are not desired in the direct sense by realizing actual 
reductions in dollars outlays, cost savings may be realized through 
"efficiency gains" in which output levels achievable with existing 
resources increase but actual costS remain constant. With reduced 
workload, resources can be shifted away fram the weather observation 
function to other activities, thus increasing productivity. 
Theoretically, this gain should be measured by the opportunity value of 
the additional out put or productivity which can now oe realized. 


Notwithstanding these "theoretical" oonsiderations, arguments may be 
postulated fran e "practical" sense that cloud the issue on whether or 
not observer cost savings should be recognized. In cases where FAA 
controllers perform the weather observation functim@m, it may be argued 
that since staffing standards are based on peak activity periods and 
Since weather observations are a secondary controller functim and 
normally taken on a time-permitting basis during off-peak periods, any 
time savings afforded by AWOS has few +f any productive alternative 

uses. In other words, direct cost savings may not be actually achieved 
since the weather observation function of controllers is only parttime 
and human resources aren't divisible (iqoring part-time employment), and 
efficiency gains aren't really achieved since the relatively small number 
of oontroller personhours released from the weather observation function 
wouldn't necessarily be used in a marginally productive manner (i.e., the 
released time may be productively idle if it is not actually channeled to 
additional time spent actually observing and controlling traffic). In 
cases where NWS personnel, NWS contract personnel or FSS personnel 
perform the weathe: observation functi@m, these arguments are not as 
valid because the weather observation function in these cases is a 
primary rather than secondary functim. 


On the other hand, it can be argued that during periods of marginal, 
changing and hazardous weather, weather conditions must be monitored even 
during busy periods and, therefore, time is taken away from the primary 
function of controlling traffic. 


Aside from the above arguments fa and against the recognition of 

obser ver cost savings, AWOS can still be shown to be the most cost 
effective means of providing weather observation services at FAA towered 
airports on the basis of other cost savings. Figure 17 presents the 
life-cycle osts other than those far observation personnel far all of 
the acceptable weather system alternatives. Excluding all costs of 
observation personnel, the life-cycle cost of AWS is only 48 percent of 
the weighted life-cycle cost of the acceptable manual weather observing 
systems! Even by including costs of olservation personnel for AWS and 
excluding them for the acceptable manual systems, AWOS still remains less 
costly. 


Since the unit oosts used to develop life-cycle oosts of AWS in this 
report are preliminary estimates, Chapter VII provides a sensitivity 
analysis of the key assumptions used in this analysis. 
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C. Non-Towered and Non-Federal Towered Airports 
1. Introduction 


Turning now from FAA towered airports to non-towered and non-federal airports, 
the analysis becanes one based mm benefit/cost considerations rather than 
me cost-effectiveness because weather observation services aren't necessarily and 
universally required or justified at non-towered and non-federal towered 
es airports. In other words, the question becomes not one of identifying the 
ae most cost effective means of providing weather observations but rather whether 
to do so at all. This section explains the nature and quantitative valuation 
of the benefits of AWOS at non-towered and non-federal towered airports. The 
corresponding costs were discussed earlier in Chapter III. Safety benefits, 
addressed in Section G2, result from reduced risk and incidence of accidents 
for which unfavorable winds, density altitude, low ceiling and/or visibility, 
or precipitation are causes and/or factors. Efficiency benefits, addressed in 
_ Section C-3, result from cost avoidance realized by commercial operators whose 
weather observation function would be replaced with AWOS, reduced risk and 
* s incidence of diversions and cancellations of actual and would-be instrument 
cy approaches and overflights by visual approaches. Section C-4 outlines 
_ proximity penalty and remoteness premium provisions which compensate for close 
oe proximity to or remoteness fran a full-time, non-autamated FAA/NWS /NWS 
- Contract surface weather observation station. 


Fe 2. Safety Benefits 


a. Air Carrier and Air Taxi 


FAR Parts 121 (for air carrier) and 135 (for air taxi) require an approved 
weather observation service for commercial instrument flight operations. When 
a Part 121 or 135 operator desires to serve an airport for which neither the 

5 PAA or the NWS have regular weather observation service or serve it during 

Me hours when the service is unavailable, operators often resort to self-operated 
Me Supplementary Aviation Weather Reporting Stations (SAWRS). An AWOS installed 
; at an airport which theretofaore had a SAWRS would result in cost avoidance to 
the operator since the need for SAWRS would be eliminated. This cost 

- avoidance is the basis upon which benefits are ascribed to these user classes 
2 in this report. While SAWRS benefits lie in both the safety and flight 
efficiency areas, cost avoidance is an efficiency benefit and further 

rn discussion of it is deferred to Section C-3 of this chapter along with other 

= efficiency benefits of AWOS. 


ae b. General Aviatim 
(1) Introduction 


ee The approach taken in this safety benefits assessment of AWOS for general 

A aviation at nomtowered and non-federal towered airports is (1) to isolate the 
number, nature and severity of historic accidents which could have been 

* prevented if the pilots involved had prior or improved knowledge of the 

> weather, and (2) to compute the total costs and the per activity unit costs or 
ee losses associated with these accidents, or conversely, the total and per 

-. activity unit benefits of preventing such accidents. Before addressing the 
accident analysis in detail, a brief statistical background of total 
weather-related general aviation accidents is provided to enable the reader to 
< picture avertable general aviation accidents in their proper perspective. 


cf 
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In the years From 1970 through 1979, the numbers of total and fatal general 
aviation accidents and the numbers of total and fatal general aviation 
accidents involving weather have remained somewhat constant. The accident 
rates per operation and per hour flow, however, have decreased with 
increasing aviation activity over time. Figures 18 and 19 illustrate these 
trends. 


Figure 20 highlights the most ommon types of weather phenomena attributed by 
NTSB as being causes or factors in weather-related general aviatiam accidents 
from 1975 through 1979. It is noted that unfavorable wind conditions were 
cited both as a cause and a factor more often than was any other weather 
phenomenon. 


(2) Accident Analysis 


To estimate the number of accidents which might be prevented by AWOS at 
non-towered and non-federal towered airports, this analysis compares the 
historic weather-related accident rate where there were no weather 

obser vations with that where there were observations. This comparison was 
made by examining NTSB briefs of all U.S. general aviation accidents involving 


weather as a cause and/or factor that occurred in calendar year 1979 in either 
the approach or landing phases of operation. This examination was made by a 


group of experienced pilots from FAA-APO-230 and Kentron International, Inc. 
Far each accident brief, the group ascertained whether the existence of 
state-of-the-art AWOS sensoring devices would or would not have probably 
prevented the accident. Each of the above undersoored parameters is discussed 
below in further detail. 


First, general aviation accidents fa@ which weather was cited as either a 
cause or a factor, or both, were taken into account in this safety benefits 
analysis. In addressing proballe cause(s) of an accident, the NTSB considers 
all facts, conditions and circumstances. The object is to ascertain those 
cause-effect relationships in the accident sequence about which something can 
be done to prevent recurrence of the type of accident under consideratim. 

The term "factor" is used, in general, to denote those elements of an accident 
which further explain or supplement the probable cause(s).* Referring back to 
Figure 20, it is observed that all weather cause citations combined from 1975 
through 1979 accounted for only 1.31 percent of the total causes cited for 
that period. In contrast, weather-related factors were cited with great 
regularity in general aviation accidents--they accounted for 31.5 percent of 
all factor citations. One possible explanation fa@ this higher rate is the 
inability to determine exactly what part weather plays in an accident. That 
is to say that investigators may, with great regularity, suspect 


*Probable Cause(s) ~ "“Condition(s) and/or event(s), or the collective sequence 
of conditions and/or events that most probably caused the accident to occur. 
Had the conditions and/or events been omitted from the sequence the accident 
would not have occurred" (NTSB). 


Factor (s) - "Related condition(s) or event(s) which existed or occurred 
coincident with the conditiam(s) and/or event(s) that most probably caused an 
accident but which may or may not contributed siqniificantly to the accident. 
The omission of factor (s) from the occurrence would not necessarily have 
prevented the accident” (NISB). 
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! weather to be a caus¢ hut are unable to support such suspicions. It can 
be conjectured that they then resort to citing it is a factor. 


a Furthermore, no two investigators think or oode an accident in precisely 
sat the same manner. There are indications in the accident records that the 
{ problems associated with weather are not solely meteorological ones. In 


the cases where weather causes/factors are cited, there exists a high 
degree of common accident citation with pilot judgment error and 


: operational decision error causes/factors. This observation indicates 
o. that the possible problem in this area is the lack of effectiveness of 
‘fg part of the general aviatim pilot population to gather, interpret and 
Make decisions about weather oonditions. Aside fram the cause/ factor 
ss assigrments in the NTSB brief.s and as pointed out above, this analysis 
a includes only those accidents which a group of experienced pilots found 


oe to be either probably preventable or probably not preventable given the 
ms existence of state-of-the-art automated weather sensoring devices. 


Second, the canparison of accident rates between observation and 
a non-obser vation environments was limited to a single year. Because of 
the relatively small variance in the numbers of weather-related accidents 
; between years, as evidenced in Figure 19, this comparison assumes 1979, 
an the most recent year for which NTSB accident records are completed and 
; approved for release, as being representative of an average year. 


— Third, and finally, this safety benefits analysis rests om general 
. aviation accidents that occurred in either the approach or landing phases 


ie of operatim. The majority of weather-related accidents occur during 
- these phases of flight. The rationale far excluding accidents occurring 
oo during takeoff and climb is that pilots should have adequate knowledge of 


prevailing weather at the departure airport. While it is conceivable 
i that AWOS might reduce the number of accidents during takeoff, climb and 


*., cruise, no benefits are directly ascribed to them in this analysis. They 
+ are qualitatively discussed in Section D of this chapter with other 
7 indirect or intangible benefits. 


To summarize the approach to quantifying the expected safety benefits of 


os AWOS at non-towered and non-federal towered airports: 
a No. of WX-Rel ated No. of WX-Rel ated 
¢, Preventable Approach/Landing Approac h/Landing 
- Accident Rate = Accidents w/o Wx Accidents with WX 
% Per Activity Obser vations in 1979 - Obser vations in 1979 
Ce Unit Activity without Wea- Activity with Weather 
ne ther Obser vations Obser vati ons 
“. 
nae The numerators in the above ratios were derived by (1) examining NTSB 
Ra briefs of U.S. general aviatiam accidents involving weather as a cause 
[.*- and/or factor that occurred in CY 1979 in either the approach or landing 
iS phases of operatim, and (2) cross-referencing the accident sites and 
D. time of accident with an inventory of weather observing stations and 
: their respective operating hours. A statistical summary of accidents in 
Le both “with” and “without” observation environments are summarized in 
“ Appendices A-1 and A-2, respectively. 
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The denominators in the above ratios are derived separately by accident 
cause/factor: low ceiling/visibility accident rates per general aviation 
itinerant operation; and all others separately per general aviation 
itinerant operation and local operatim. Local operations are performed 
by aircraft which operate in the local traffic pattern of the airport or 
s within sight of the tower, are known to be departing for, or arriving 
from, flight in local practice areas within 20 miles of the airport, or 
executing simul ated instrument approaches or low passes at the airport. 
Itinerant operations are all operations other than local operations. Low 
ceiling/visibility accident rates are denominated in itinerant operation 
terms because AWOS sensors far ceiling and visibility wouid have little 
impact on the incidence of VFR approaches and most IFR approaches are 
itinerant. Information provided by AWOS on wind, temperature, dew point, 
precipitation and thunderstorms benefit both types of operatimm, but more 
so itinerant than local. Pilots in local flight arrivals, many cf which 
are of a local practice or touch-andgo nature and of relatively short 
duration, are likely to have some foreknowledge of local prevailing 
weather conditions. 


ay ee 


ee Operations counts at FAA towered airports are generally viewed as being 
7 more reliable than those at non-towered airports. Emphasis has 

..” historically been placed on towered airport operation counts for a number 
a of reasons. First, towered airports represent the largest and most 

my active airports in the country. Secondly, towered airports include most 
fa’ of the air carrier airports and therefore their operations data satisfies 
. a popular area of interest, i.e., air carrier traffic. Third, FAA 

* towered airports are the sites where FAA personnel are located and one of 
the objectives of operations counts is the determination of the 
requirements for the size of field staffs. The number of active 
aircraft, hours flown and pilot registrations are also, to an extent, 
indicators of general aviatiam activity in the U.S. and forecasts of such 
parameters are made annually by the FAA. Actual aircraft operations, 

4, however, are the truest representation of traffic for facility investment 
‘ Planning purposes. In light of the sensitivity of activity counts on the 
safety benefits estimated from weather observation systems, a review was 
made of alternative measures of general aviation activity rather than 
relying on one aS being the best or preferred estimate. The results of 
this review are outlined in Figure 21 for calendar year 1979. 


be, Accepting the mean in Figure 21 of 151,440,000 operations in Cy 1979, the 
task then becotes determining how many were itinerant and how many were 

ix local and for each of these categories how many occurred with weather 

S observations available and how many in environments with weather 

obser vations unavailable. The “weather station status," “tower ," and 

"FSS on airport" caodes of the September 1980 National Flight Data Ce@ter 

q (NPDC) data base (Reference 22) were used to segregate locations and 

; their respective general aviation operations with and without a weather 

7 Station on site. The data base was supplemented by other agency data to 

enhance accuracy and completeness (Reference 21). The September 1980 

N’DC data base was used because it was thought to best represent activity 

occurring in CY 1979. Figure 22 summarizes the analysis. Because total 

general aviation operations reaorded in the data base did not represent 

the entire population (per Figure 21), the counts were proportionately 

inflated to represent the entire universe of operations. 
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FIGURE 21 


Estimates of Total General Aviation Operations - CY 1979 


General Aviation Pilot Survey conducted by the 158,360, 000* 
and Aircraft Activity FAA in conjunction with (public use 
Survey (Reference 18) the Civil Air Patrol. airports only) 


Systems Consultants, National GA Operations = 151,320,000 
Inc. (Reference 13) 106 x (70 + 4.28 (Year-1960)) 


QUESTEK Corp. 
(Reference 19) 


144, 640,000 


Mean 151, 440,000 


*155,600,000 operations in CY 1978 (per Reference 9) x 51.7/50.8 (ratio 
of millions of GA operations at FAA towered airports, FY 1979 to FY 1978, 
per Reference 20). Overstated due to inclusion of air taxi operations 
but understated by exclusion of non-public use airports. Assumed to be 
offsetting for these purposes. 


As mentioned earlier, low cwiling/visibility accident rates are first 
denominated in terms of instrument approaches and then converted to and 
in terms of itinerant operations. These rates are first denominated in 
terms of annual instrument approaches (AIA's) because low 
ceiling/visibility accidents oorrelate best with instrument approach 
activity. Unfortunately, for reasons which will be explained later, 
reported counts of instrument approaches are unreliable fa many 
non-towered airports. To oorrect for and guard against unreliable 
site-specific data, accident rates per instrument approach are converted 
to more reliabie rates per itinerant operation through a generally 
accepted regression model. The first step of this exercise is to derive 
estimates of instrument approach activity with and without weather 
observations available. These are derived in Figure 23 far CY 1979. 
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FIGURE 23 


CY 1979 General Aviation Instrument Approaches 
With and Without Weacher Observations Available 


W/O WX W WX 
Facilityl/ Observ. Observ. 
Towered Airports, FY 19792/ 919,457 
Non- towered and Nomfederal Towered 
Airports, FY 19792/ 186,544 
Non-towered Airports 
with FSS on Site, FY 19793/ (30,140) 30,140 
156, 404 949,597 
CY 1979 Adjustment Factor 4/ x 1.0127 x 1.0127 
Total, CY 19799/ 158, 390 961, 657 
Percent 14.141 85.859 


lfairports with an NWS observation facility on site but without a FAA 
ATCT or FSS are excluded. Operations at such airports are relatively 
nominal. 

2/source: Reference 23 and 24. 

3/source: References 23, 24, and 25. 

4/pecause the Operations counts are far Fiscal Year 1979 (October 1978 - 
September 1979), they must be adjusted to Calendar Year 1979 
(Januar y 1979 - December 1979) to be consistent with other parts of 
this safety benefits analysis. For approximately 4,000 airports, the 
Terminal Area Forecasts (Reference 26) report 120.5 and 126.6 million 
national general aviation operations for Fiscal Years 1979 and 1980, 
respectively. This data suggests a fiscal to calendar year oonversion 
factor of 1.0127, iqoring canpounding, seasonality and other factors 
(( (120.5 x 9/12) + (126.6 x 3/12))/120.5). 

5/to preclude specious accuracy, these estimates are rounded to 158,000 

and 962,000 in the ensuing analysis. 


As mentioned at the outset of this accident analysis description, the 
difference in rates of accidents at sites with and without weather 
observations available is used tD estimate the effect of weather 

obser vation systems q@m accidents. The number of cause/factor entries 
made for any one accident by the NTSB is determined by the judgment of 
the accident analyst (Ss), investigator (s) or board mmamber (s) of the NTSB 
itself and varies with the type of aircraft and injury level. The number 
of cause/factor entries per accident varies fran 1 to a maximum of 10, _ 
and averages between 2 and 3. The cause/factor and other NTSB data 4 ‘4 
entries, Supplemented with other relevant data, provides enough : 
infarmation about accidents to permit a reasonable assessment of whether 
or not a weather observation might have prevented the accident. 


But this procedure yields the expected number of accidents that might be 
affected, which is greater than the number that would be prevented. The 
difficulty with this approach is that other systems may be influencing 
the accident rate perhaps as much or more than the weather obser vetim 
itself. One such system is the availability of a precision approach 
system, as it affects the accidents related to low ceiling/visibility. 
Airports with higher levels of traffic tend to have both precision 
approaches and weather observations. So it is difficult to determine 
which is actually lowering the rate. Although similar difficulties occur 
with cause/factors other than ceiling/visibility, the difficulty is 
especially significant here because a major portion of the safety benefit 
of AWOS at normtowered airports is the reduced risk and incidence of this 
type of accident. Besides precision approaches, other influences may 
include airport envirorment, pilot canpetence, etc. The unadjusted 
difference in law ceiling/visibility accidents (fram Figure 25) is: 


Acc. Rate WO WX Obs. - Acc. Rate W WX Obs. 


iW 


25 accidents - 27 accidents 
158,000 AIA's 962,000 AIA's 


-0001582 per AIA - .0000281 per AIA 


1.301 x 10 per AIA 


To mrrect for the influence of precision approach systems and other 
factors on the "with" weather observation accident rate, the .0000281 
value is inflated by the number of times the historic non-precisim 
instrument approach accident rate exceeds the historic precision 
instrument approach accident rate (3.5 derived from References 10 

and 27). The result must then be adjusted by the ratio of precision 
instrument approaches to total instrument approaches (.73 in 1979): 


27 accidents x 3.5 x .73 = .0000717 
962,000 AIA's 


Substit iting, 
-0001582 per AIA - .0000717 per AIA 


= .865 x 1074 per AIA 
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It iS acknowledged that precision approach systems may have influenced 
the “without” weather observatian accident rate also, but intuitively to 
only 4 small degree since relatively few of the instrument approaches in 
the "without" weather observation environment were precisim. It is 
hoped that this omission is offset by other factors that may influence 
accident rates but which are not accounted fer in this analysis. 


Historically, there have been numerous instances where inaccurate AIA 
wunts have been obtained. Reported AJA counts of less active 

non- towered airports especially appear to be erratic and understated. 
AIA's at these sites are often obtained using pilot reports, IFR flight 
Plan data, or counts by a neighboring airport. At smaller 

air ports--those that fall far below establishment levels for precision 
approach facilities but which might otherwise be eligible fa an 
AWOS--there has been little incentive to maintain accurate reaords of 
instrument approach activity. Another explanation far AJA inaccuracies 
is the anbiguity of the definitim. Key questions focus on how to treat 
approaches when the pilot cancels an IFR flight plan while in the air and 
on the oorrect identification of the minimum initial approach altitude 
for each aircraft category. Lastly, it is believed that AIA reporting is 
typically given low priority by air traffic controllers with actual AIA 
counting occurring on a time-available basis. 


A preferred alternative to using reported general aviation AIA's is to 
estimate AIAG, based on annual general aviation itinerant operations 
and the probability that the weather will require an instrument 
approach. Systems Control, Inc., (Reference 28) derived the following 
model for accanplishing this: 


AlAq = GAITN x (PyIrpr - Pc) x (.8 - .5R) 
2 


where 


GAITN is the number of arnmual general aviation itinerant 
operations, 

Pirr is the probability of weather below VFR minima (which is 
assumed here to be weather in which the visibility is 3 miles or 
less and/or the ceiling iS at a below the minimum initial 
approach altitude), 

Pc is the probability of weather below IFR minima, and 

R is the ratio of general aviation operations to total 
operations. 


The divisor in the first term reflects the assumption that half of 
Operations are landings. The second term (PypR - Pc) measures the 
portion of time that an instrument approach is necessary and can be 
completed. Accurate determination of this term depends on site specific 
values of Pipp and Pc. For a national average, more than 1,000 
instrument approach plates were examined and it was determined that the 
nonprecision approach ceiling minimum fa general aviation aircraft is 
700 without and 600 with an approved altimeter setting source. The 
frequency of instrument weather below these ceilings can be obtained fran 
Figure 24, based m@m average historic distributions of hourly ceiling and 
visibility observations. A 700 foot ceiling and visibility of 1 mile 
yields a value of 4.95 percent fa@ Pc and the VFR minimum ceiling of 
1500 feet and visibility of 3 miles yields a value of 13.50 percent for 
Pipr. The third term (.8 - 5R) tends to reflect what fraction of 


flights have pilots qualified and aircraft equipped to make instrumm@mt 
approaches. Note that if a location that doesn't have an approved 
instrument approach procedure, AIAg would equal zero since Pc would 
equal Pypp. 


FIGURE 24 


Percentage Distribution of Weatner Obser vations 
Less than Selected Ceilings and Visibilities* 


Visibility (miles) 
Ceiling 
(£ eet ) 1,8 1/4 1/2 3/4 


100 0. 43 0. 65 0.99 1.43 
200 0.76 0. 89 1.12 1.52 
300 1.24 1.34 1.48 1.79 
400 1. 92 2.00 2.13 2.37 
500 2.69 2.77 2.88 3.09 
600 3.49 3. 56 3. 67 3. 84 
700 4.39 4.46 4.57 4.72 
800 5.29 5.36 5.46 5.60 
1,000 7.07 7.14 7.24 7.36 
1,500 10.66 10.73 10.82 10.92 
2, 000 13.35 13.42 13.51 13.60 
3,000 17.93 18.00 18.08 18.18 


*Source: Derived from Reference 29, 


Using this regression model and national average values, the accident 
rate differential for low ceiling/visibility accidents can be 
redenominated from per AIA terms to per itinerant operation terms as 
f ollows: 
x 104 per AIA 
10-4 per ((GAITN/2) x (PIFR - PC) x (.8 — .5R) 


104 per ((GAITN/2) x (.1350 - .0495) x (.8 - .5(.85)) 


= 1.387 x 10~ per GAITN 


The abow result will be applicable, of course, only to candidate sites 
that either alrealy have approved standard instrument approach procedures 
(SIAP's) or potential SIAP‘s as the result of installing AWS. For other 
eandidate sites, this benefic will be suppressed since the benefit 
accrues essentially only to TFR approaches. Also, this benefit value 
will be used in the Phase I criteria and for cases where site-specific 
data ore om.t available. When site-specific data are available, they will 
he used in tte Phase Il screering process to canpute the site-specific 
safety tenefits afforded by ceiling and visibility sensors. 


In addition to lw ceiling/visibility accidents, the accident rates with 
weather obser vations available for other weather phenaonena must also be 
adjusted far the potential influence that other factors might have. 
Lacking more specific data, the relative adjustment made to the low 
ceiling/visibility accident rate with observation available is also 
applied to the other weather phenomena’ ((.717 x 10~4)/(.281 x 1074) 

Or approximately 2.55). These adjustments are illustrated in Figure 25 
which summarizes the results of this gection. As mentioned earlier, this 
analysis extends benefits of AWOS detectiam and reporting of wind, 
temperature, dew point, precipitation and thunderstorm information 
separately for itinerant and local operations. Reference 18 suggests 
that approximately 70 percent of general aviation itinerant operations 
and 40 percent of general aviation local operations (in both instances 
excluding air commuter and air taxi from the data base) utilize some 
source of inflight weather infomation service. By rough analogy, the 
ratio of 40 percent to 70 percent, or approximately 60 percent, is used 
as the ratio of benefits cf local operations to itinerant operations. 


c. Military 


Because the characteristics of military aircraft which use civil 

nom towered and non-federal towered airports are reasonably akin to those 
of general aviation aircraft (at least within the accuracy of this 
analysis), the benefits derived in this chapter for the general aviation 
user class are also ascribed to the military user class. As with 
reported counts of annual AIA's of general aviatimm aircraft at 

non- towered airports, reported AIA's of military aircraft may also be 
questionable. To guard against this possibility, benefits attributable 
to reduced accidents related to low ceiling/visibility are denominated in 
per itinerant operation terms and will apply only to those candidate 
sites with existing scandard instrument approach procedures (SIAP's) or 
potential SIAP's as the result of installing AWOS. 


ad. Accident Cots 


Accident costs oonsist of losses associated with personal injuries and 
property damage. Personal injuries are cateqrized by fatalities, 
serious injuries, minor injuries and no injuries. Property damage is 
categorized by aircraft danage and damage to other property. Aircraft 
are damaged to varying degrees in aviation accidents. Sane are 
canpletely destroyed, others substantially damaged, and same incur only 
minor damage or none at all. Because of the high degree of variability 
in damage to nonaircraft property, no direct allowances are made for such 
losses inthis report. This anission is immaterial because the types of 
accidents pertinent to this analysis seldom result in physical damage to 
property other than the aircraft. 


The unit values attached to these lasses aor “critical values" in this 
report are taken from Report Number FAA-APO-81-~3, Ecmomic Values For 
Evaluation of Federal Aviation Administration Investment tment and Regulato Regul atory 
Programs (Reference 9). Adjustment of the critical values derived in 
Ref erence 9 to 1981 dollars is outlined in Appendix B. Each critical 
value is briefly described below. 
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(1) Value of a Statistical Life. The somewhat subjective and conceptual 
construct of the value of a statistical life is a basic toal of 
economists, program planers and others interested in measuring the 
social benefits associated with investments and regulatory actions in 
public programs. Although life is felt to be precious and 
essentially invaluable, ecmomic decisions must be made continually, 
either explicitly or implicitly, between safety and other competing 
demands for limited resources. Literature on the subject suggests 
values ranging from tens af thousands of dollars to several million 
dollars. Reference 9 outlines alternative approaches to valuing life 
and finds the “value to self and others" approach to be the most 
conoept ally sound and conprehensive measure for FAA investment and 
regulatory decisionmaking purposes. As the name suggests, this 
approach takes into account the value of life to the individual as 
well as the value of the individual's life to the rest of society. 
Appendix B illustrates the derivation of the value of a statistical 
life of $580,000 in 1981 dollars. 


(2) Unit Costs of Statistical Aviation Injuries. Similar to the valve of 
a statistical life, Referenm 9 finds the "value to self and others 


approach“ to provide the most conceptually sound and comprehensive 
measure of the costs of statistical aviation injuries. Appendix B 
illustrates the derivation of the estimated unit costs of statistical 
serious and minor aviation injuries of $42,000 and $16,000, 
respectively, in 1981 dollars. 


(3) Unit Costs of Aircraft Damage. The loss of an aircraft completely 
destroyed can be taken as the market value of an equivalent 


replacement. By using actual market values, depreciation and 
obsolescence are implicitl: taken into acooumt. Insurance experience 
reveals that the average restoration cost of a substanti all y~damaged 
aircraft is approximately one-third of its market or replacement 
value. Repair costs of aircraft incurring minor damage are assumed 
in this report to be 50 percent of those for substantially-damaged 
aircraft. Appendix B illustrates the derivation of wit losses 
associ ated with various aircraft type categories and degrees of 
damage in 1981 dollars. 


To derive the total historic accident costs associated with weather 
phenanena which are detectahbl e/measurable by AWOS, the unit critical 
values updated in Appendix B must be matched against the numbers and 
severity of personal injuries and aircraft damage. This is done in 
Figure 26 fa each relevant weather cause/factor by quantifying in dollar 
terms the total costs of the accidents in Appendix A. It is noted that 
the oosts of accidents far which lw ceiling or visibility was cited as a 
cause/factor far exceed the costs of the other accidents. 


e. Derivation of Safety Benefits Per Aviation Activity Unit 


Given the expected accident costs associated with the various relevant 
accident cause/factors and the accident statistics fram Appendix A, the 
task now is to translate the costs per accident into costs per activity 
unit oc conversely, the expected oontrihutory benefit per activity unit. 
This is acconplished in Figure 27. Although the safety benefits deri ved 
in this section are computed only fa accidents occurring in the approach 
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and landing phases of operation, the avertable accident rates in Figure 
27 are derived in per operation terms. Denomination in these terms will 
facilitate application of the criteria developed in this report since 
aircraft activity statistics are counted and published in such terms. 
The “per Operation” safety benefits derived in Figure 27 are applicable 
to both the Phase I and Phase II benefit/cost screening processes, except 
for avertable accidents related to low ceiling/visibility in Phase II. 
Benefits of avertable low ceiling/visibility accidents will be canputed 
in Phase II using site-specific data. If site-specific data are not 
available, the Phase II process will use the Phase I benefit. 


3. Efficiency Benefits 


a. Introduction 


Efficiency benefits accrue to each user class at non-towered and 
non-federal towered airports as the result of implementing AWOS. 
Canmercial air carrier and air taxi operators who operate and maintain 
Supplementary Aviation Weather Reporting Stations (SAWRS) realize cost 
avoidance benefits as a result of AWS replacing the need far SAWRS. The 
general aviaticm and military user classes benefit from the reduced risk 
and incidence of instrument amd visual flight disruptions, thus enhancing 
accessibility of the airport. These benefits are developed in Sectim 3b 
for the air carrier and air taxi user classes, Section 3c far the general 
aviation user class, and in Sectim 3d for the military user class. 


b. Air Carrier and Air Taxi 


Approaches to airports in instrument weather oonditions are governed by 
FAR Part 91 for all operators, Part 121 for air carrier operators and 
Part 135 fq@ air taxi and other oommercial operators. These regulations 
require an approved weather observation service for commercial instrument 
flight operations. Private operators can still use the airport without a 
weather obser vation service operating, but, as discussed later in this 
section, delays, cancellations, and diversions can result. For the air 
Carrier and air taxi user classes, three alternative approaches were 
considered far deriving the benefits of avertable flight disruptions 
afforded by a weather observing system: 


fo) When an FAR Part 121 or 135 operator desires to serve an airport 
for which neither the FAA or the NW have regular weather 
observations, the operator must resort to a self-operated 
Suppl enentary Aviation Weather Reporting Statim (SAWRS). 
Therefare, one approach to assessing the benefits of AWOS to 
such operators is by reference to the avoided costs of operating 
a SAWRS. This approach is discussed below in further detail. 


ro) The second approach considered is based on the avoidance of 
costs of diversions to an alternate airport. When weather 
conditions at an airport receiving scheduled service are such 
that schedules cannot be met, air carriers often provide ground 
transportation fran an alternate airport which is open, or 
reimburse passengers far meals and lodging until the 
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destination is accessible. This practice is most common during 
periods when weather falls below instrument minima. This 
approach assumes a benefit from avoiding these costs--the value 
of passengers‘ time plus whatever aircraft operating costs that 
are incurred to divert to the alternate airport. Picture, for 
example, an airport with visual minima of 1500 feet (ceiling) 
and 3 miles (visibility) and instrument minima of 600 feet and 
1 mile. Figure 24, in the preceding section of this chapter, 
suggests that weather less than visual minima can be expected to 
prevail om average approximately 13.5 percent of the time and 
less than instrument minima approximately 4.1 percent of the 
time. The difference, or 9.4 percent, is the relative time that 
a Part 121 or 135 operator would be prohipited from serving this 
airport without the availability of a weather observation 
service. Since the costs associated with diversions are likely 
to be much greater than the operator's annualized cost of 
operating and maintaining a SAWRS, this approach was rejected. 


fo) The third approach assumes that in the absence of an observing 
capability, an operator would simply elect not to operate out of 
the airport. Air passengers tend to make personal or business 
plans which are not disrupted if the air service is unexpectedly 
denied them, and may not use a service at all if flights are 
possible only in visual oonditions. Since it is not possible to 
put a dollar value on denial of service, this approach was 
rejected. 


The avoided cost to an operator taking its own weather observations 
appears to be the most viable and encanpassing approach to quantifying 
the benefits of AWOS to air carrier and air taxi operators. Figure 28 
derives an annualized estimate of this avoided cost of $9,548. A 
comparison of the 1981 inventory of SAWRS stations at airports in the 
fifty United States, Puerto Rico and the Virgin Islands (Reference 30) 
and their respective air carrier and air taxi operations fram the 
Terminal Area Forecasts (Reference 26) suggests that the typical SAWRS 
station has 3,000 or more annual air carrier and air taxi operations 
(i.e., the sum of annual air carrier and air taxi operations is generally 
3,000 or more). Therefore, it can be generally said that such airports 
generally have SAWRS operators which would benefit from the installation 
of an AWOS. 


An argument can also be made for attributing efficiency benefits to the 
air carrier and air taxi user classes at non-towered and non-federal 
towered airports without a SAWRS operation on site. Implementation of 
AWOS at these airports may attract commercial operators over time and 
induce others to expand, resulting in greater utilization of the airport 
and potentially enhancing community and regional economic growth by 
drawing new businesses to the area and enhancing the ability of existing 
businesses to expand. Many smaller communities, in particular, are 
dependent upon air transporation to support their economic development. 
Acoordingly, the criteria developed in this report recognize AWOS 
benefits to commercial operators, either with or without operating a 
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ae SAWRS prior to implementing AWOS. The benefits will range from a high of 
eu $9,548 (the annualized cost of a SAWRS) to low of zero (where there are 
> no air carrier or air taxi operations). Expressed in relation to a 


o 
oe 


benefit/cost ratio, 


oe 


. 
be 15 
ns Lesser of ((ACITN + ATITN) or (3,000 x $9, 548 
Sy a ( 3,000 (14i)n--5 
“ae n=l 
LCC 
3 where 'n' is each year of an assumed economic life of 15 years, ACITN and 
ns ATIIN are the annual numbers of air carrier and air taxi operations, 
ee” 3,000 is the activity level at or above which characterizes airports with 
SAWRS, $9,548 is the annualized cost of a SAWRS, 'i' is the 
Pos OMB~prescribed disoount rate of 10 percent and LCC ts the life-cycle cost 
ast of AWOS. Note that the value of 3,000 limits the benefits to $9,548 
fics annually. 
RS 
baal FIGURE 28 


ie. Annualized SAWRS Operations, Maintenance and Capital Recovery 
eo . Costs Allocable to Weather Observation Function (1981 Dollars) 


7 Facilities and Equipment Costs 

ehh Bquipnent)/ $ 1,900 

os Initial Sparesl/ + 475 

on Total $ 2,375 

os Life-Cycle Capital Recovery Factor 2/ x.13147 $ 312 


Operations and Maintenance Costsl/ 


ir. Personnel 

a Obser vation3/ $ 7,056 

We Maintenance 216 

- Spares Inventory 228 
Communications 0 

-", Facilities 1, 736 9,236 

Rly 8% 

re Annualized Cost $9,548 

~ 

Sen 1/F ran Figure 16. 


2/capital recovery for a uniform series with present value of $1: 
i(1+i)9/ ((1+i)9-1). Applying a 10 percent interest factor (i) and 
a 15 year ecoomic life (n) yields 0.13147. 

3/SAWRS are assumed to operate 8 hours daily. 
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c. General Aviation 


Part c(l) of this section addresses benefits of avertable flight 
: ; disruptions of general aviation instrument flights. Part c(2) addresses 
{ benefits of avertable flight disruptions of general aviation visual 
a flights. 


(1) Instrument Flights 


ce (a) Introduction 

" Flight disruptions to genera] aviation instrument flights are comprised 

iaet of delays, diversions and cancellations. Reducing the risk and incidence 

3 of such flight disruptions can be realized through lowered minima 

ae requirements allowed with the availability of an on-site altimeter 
setting source. Delay and diversion benefits are evaluated in this 

analysis from the perspective of the pilot receiving information fran an 

ay AWOS while airborne. It is assumed that without the weather observation, 

rt. the pilot would be unable to descend low enough to see the runway and 

<! would be delayed or would fly to an alternate airport. Cancellation 

on benefits are evaluated from the perspective of arrival flights at 

an destination which otherwise would be cancelled if the destination airport 

5 doesn't have a weather observing capability. 
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As described in the previous section, each instrument approach procedure 
specifies a minimum altitude to which a pilot may descend, called the 
"decision height" (DH) or the “minimum descent altitude" (MDA). The 

Pe" basic criteria for setting landing minima are contained in the third 
edition of the United States Standard far Terminal Instrument Procedures 
(TERPS), Handbook 8260.3B (Reference 6). The minimum altitude of 
approach procedures is increased in relation to the distance fran the 
remote altimeter setting source to account for potential differences in 
barometric pressure. According to TERPS, paragraph 323b, when the 

s altimeter setting is derived fran a source further than 5 miles from the 
ie runway threshold, the minima are increased by 5 feet far each mile in 

a excess of five miles. 


Until 1976, the use of remote altimeter settings had been authorized by 
FAA regardless of the terrain between the runway and the remote altimeter 
a setting source. However, Notice N 8260.24 (Reference 5) changed this by 
as prohibiting the use of remote altimeter settings at airports in 
- precipitous terrain. In precipitous terrain or where reasonably 
ore hanoge neous weather characteristics cannot be determined, the notice 
: requires the DH to be raised 10 feet far each mile the altimeter setting 
. is distant from the runway threshold. An MDA is increased with the same 
-" rule, or to 1,500 feet, whichever is greater. The altimeter setting must 
“s be no more distant than 50 miles. 


Of 1,733 airports currently with approved standard instrument approach 
procedures, IFR approches by Part 91 operators at 1,307 (or approximately 
\ 75 percent) of these locations are conducted with altitude information 


derived from a remote service (Reference 4). Full time remote altimeter 
setting are required at approximately 931 (54 percent) airports 
(Reference 4). 


The annual benefits to general aviation instrument flights of avoiding 
flight disruptions because weather observations are available can be 
expressed as: 


ABarrp = ANAIFD X CIFD 


where, for avoidable instrument flight disruptions, ABaypfp is the 
annual benefit, ANArrp is the annual number, and CIFD is the avoided 
unit cost. 


The annual number of instrument flight disruptions avoided (ANayrp) can 
be approximated by the product of the annual number of instrument 
approaches (AIAg,) and the probability (Payrp) that a weather 

obser vation system would allow the flight to land instead of being 
disrupted. Through substitution the formula becomes: 


ABAIFp = AIAq * Parrp X CIFp 


The following paragraphs explain the derivation of values for each of the 
factors in the above farmula. 


(i) Annual Instrument Approaches (AIAq): 


An instrument approach is an approach made to an airport by an aircraft 
on an IFR flight plan when the visibility is less than 3 miles or the 
ceiling is at or below the minimum initial approach altitude. 


As explained in the previous section, reported AIA's at less active 
airports are often inaccurate. As in the previous sectim, this section 
relies on a regression model by’ Systems Control, Inc. (Referei.ce 28) for 
computing AIAca in liew of relying on reported AIA'‘s: 


AlAga = GAITN x (PyFR ~ Pc) x (.8 - .5R) 
2 


where 


GAITN is the number of annual general aviation itinerant 
Operations, 

Pirp is the probability of weather below VFR minima (which is 
assumed here to be weather in which the visibility is 3 miles or 
less and/or the ceiling is at or below the minimum initial 
approach altitude), 

Pc is the probability of weather below IFR minima, and 

R is the ratio of general aviation operations to total 
Operations. 


The divisor in the first term reflects the assumption that half of 
operations are laidings. The second term (Pipp - Pc) measures the 
portion of time that an instrument approach is necessary and can be 
completed. Accurate determination of this term depends on site specific 
values of Prpr and Pc. Far a national average, more than 1,000 
instrument approach plates were examined and it was determined that the 
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nonprecision approach ceiling minimum fer general aviation aircraft is 
700 without and 600 with an approved altimeter setting source. The 
frequency of instrument weather below these ceilings can be obtained fram 
Figure 24 in the previous section of this chapter. A 700 foot ceiling 
and visibility of 1 mile yields a value of 4.95 percent fa@ Pc and the 
VFR minimum ceiling of 1500 feet and visibility of 3 miles yields a value 
of 13.50 percent fa@ Pypp. The third term (.8 - 5R) tends to reflect 
what fraction of flights have pilots qualified and aircraft equipped to 
make instrument approaches. 


Using national average values fa PIFR, PC and R, AlIAcq can be solved 
as follows: 


AIAq (GAITN/2) x (.1350 - .0495) x (.8 - .5 (.85)) 


= .0160 x GAITN 


Note that if a candidate site doesn't have an approved instrument 
approach procedure (SIAP), AIAc, would by definition be equal to zero 
because P, would equal Pipp. As indicated above, many locations 

cannot utilize a remote altimeter setting source and are therefore 
restricted from having instrument approaches. In those instances where 
the lack of an omsite altimeter setting source is the sole reason for 
the absence of an SIAP, the introduction of AWOS with an altimeter sensor 
could lead to approval of instrument procedures. Therefore, benefits of 
avertable flight disruptions will apply only to locations with actual or 
“woul d-be" standard instrument approach procedures. 


The Phase I criteria developed in this report fa@ publication in Airway 
Planning Standard Number One (Reference 1) are based o national average 
values for Pyprp, Pc and R. The Phase II benefit/cost computer 
screening program, however, allows site-specific values for these 
variables. If site-specific values are not available, national averages 
will be used as default values. 


(ii) Probability of Averting a Disruption (Parrp) 


The probability of avoiding an instrument flight disruption (Parrp) 
because an AWOS installatim has eliminated the remote altimeter setting 
penalty and lowered minima requirements can be approximated by the 
relative increase in the percentage of time the airport is above minima 
for instrument approaches. Using average ceiling minima of 600 feet and 
700 feet respectively for instrument approaches with and without an 
approved altimeter setting source, based on the survey mentioned above, 
PAIFp can be expressed as: 


PaIFp = (Probability of WX LT 700/1) - (Probability of Wx LT 600/1) 
(Probability of WX LT 1500/3) - (Probability of WX LT 700/1) 


Substituting the values fran Figure 24 yields: 


PAIFD = 4.95% - 4.108% 
13.50% - 4.95% 
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In other words, since the availability of weather observations can be 
expected to reduce average minima fran 700/1 to 600/1, one can expect an 
increase of 10% in airport utilization during instrument weather 
conditions and a orresponding 10% decrease in instrument flight 
disruptions. 


(iii) Unit Cast of a Disruption (CyFp) 


An FAA-APO- 230 document entitled "Benefits of Reduced Flight Disruption" 
(Reference 31) standarizes the costs of flight disruptions by user 
class. For general aviatim, Reference 31 provides the following: 


Cost Equation Wei ght 

Del ay (0.5 Vpq)n + 0.30 AOC, 0.38 
Cancell ation 2 Vprn 0.55 
Diversion (2.0 Vpy + VpvgG)n + 1.5 AOC, 0.07 
1.00 


where Vpr is the hourly value of passengers'/occupants' time, n is the 
average number of deplaning passengers/occupants from a general aviation 
flight, AQCg is general aviation aircraft variable operating cost per 
airborne hour, and Vpyg is general aviation passenger handling expenses 
for diverted passengers. Appendix B derives valves far Vpry and AOCy 

of $19.00 and $84.00 respectively (1981 dollars). Reference 31 provides 
values for n and Vpyg of 2.4 and $53 respectively (1981 dollars). 
Substituting, 


Del ay $ 48.00 x 0.38 = 18.24 
Cancell atim $ 91.20 x 0.55 = 50.16 
Diversion $344.40 x 0.07 = 24.11 
$92.51, 

Or 
$93.00 


{c) Summary 


The formula for determining the annual benefits to general aviation 
instrument flights of avoiding flight disruptions because a weather 
observing system has eliminated the remote altimeter setting penalty and 
lowered minima requirements can be summarized as: 
ABAIFD = ANAIFD * CIFD 
= AlAq, * Pairp * CIFD 
= .0160 x GAITN x .10 x $93 


= GAITN x $.1488 
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(2) Visual Flights 


(a) Introduction 


In addition to benefiting flights approaching an airport in instrument 
weather conditions, a weather observing system benefits approaching 
flights in visual oonditions as well. In visual oonditions it is assumed 
that a pilot can see the airport and the ground fran at least a distance 
equal to the basic VFR visibility of one mile. The ceiling and 
visibility data of the observatim are not likely to result in avoiding 
any disruption to the flight. However, the fareknowledge of wind 
information could in same cases avoid the need to fly over the airport to 
determine preferred landing direction. The following paragraphs outline 
the assumptions and methodology used to canpute this delay benefit. 


(b) Benefit of Avoided Overflights 


An equation similar to that used to canpute the benefit of avoided 
instrument flight disruptions is used to determine the benefit of avoided 
overflights: 


ABao = ANAO X Cao 


where, for avoidable overflights, ABag is the annual benefit, ANag is 
the annual number, and Cag is the avoided wnit ost. 


The annual number of itinerant overflights avoided (ANag) can be 
approximated by the product of the annual number of general aviatimm 
itinerant operations (GAITN), the fraction of those that are arrivals 
(Fx), the fraction of those that are conducted in visual conditions 
(Fyc), and the fraction of those that can be expected to overfly in the 
absence of a weather observation (Fo). Through substitution the 
formula becanes: 


ABao = GATTN x Fa x Fyc xX Fo x Cag 


Tue following paragraphs explain the derivation of values for each of the 
unknown factors in the above farmula and derives a solution. 


(i) Fraction of Total General Aviation I tinerant Operations that are 
Arrivals (Fya): : 


It is assumed that half of itinerant operations are arrivals. 


(ii) Fraction of General Aviation I tinerant Arrivals Cmducted in Visual 
Conditions (Fyc): 


Applying national average values of .1350, .0495 and .85 for Pypp, Pc 
and R respectively to the SCI model discussed earlier suggests that 
approximately 3.2 percent (.0160 x 2) of general aviation itinerant 
arrivals are conducted in instrument conditions. Caomversely, the 
fraction of general] aviation itinerant arrivals that are sonducted in 
visual conditions (Fyc) 18 1.0 less .032, or 0. 968. 


fy? 


(iii) Fraction of General Aviation VFR Itinerant Arrivals that can _be 
Expected to Uverfly in the Absence of a Weather Observation (Fo) 


Tt 15s postulated that pilots need to overfly the airport to determine 
Landing direction fer some fraction of the total number of approaches to 
the airport (fg).  Ignocing intersecting runways, the fraction was 
ieduced in the following way. First, it is assumed that a pilot 
approaching an airport when the wind is equal to or greater than 15 knots 
will have sane other way of determining the landing direction--either by 
hon- aviation visual indications (e.g., smoke), by weather oonditions at a 
nearby airport, or by the pilot's knowledge of the synoptic situatim. 
Fer a sample of 24 airports, Reference 32 indicates that the wind is 
«gual to or greater than 15 knots an average of 11 percent of the time. 


Second, it 15 assumed that the pilot can call the Unicom ao other 
ulreraft operating in the airport area to determine the landing direction 
70 pecepnt of all arrivals. For the other 30 percent of all arrivals, it 
168 assumed that the Unicom is not operating and that no other aircraft 
could be contacted. This assumption rests on the fact that the 
relatively busier nomtowered airports are the most likely nomtowered 
alLtcports to qualify far AWOS and that these airports are likely to have 
Unicom and/or aircraft Operating in the airport vicinity which could 
provide the information to the itinerant pilot. 


Finally, it is assumed that if the wind is less than 5 knots, and if the 
pilot has a weather observation system report of that but no oontact with 
Unicam or other aircraft operating at the airport, the pilot would need 

to overfly the airport anyway, because either landing direction could be 


used and the pilot would want to observe local camditions which could not 
be reported by the equipment, or other traffic and preferred direction 
due to obstructions, terrain, etc. Again from Reference 32, the wind is 
less than or equal to 5 knots 24 percent of the time. 


The traction of avoidable itinerant overflights is therefore the product 
ot othe percentage of time the wind is equal to or greater than 5 and less 
than 15 knots, aad the time Unican or another aircraft oould not have 
diver the landing direction to the pilot. Summarizing, the fraction of 
general aviation VFR itinerant arrivals that can be expected to overfly 
lnotte ateence of « weather observation (Fo) is: 


Pry = (1.60 - O.t1 - 1.24) x 0.30 


2 Disruption (Cre) 


atypical one- runway ttrport with a traffic pattern 
Paragraph 22} ef the Arman's Tmtonration Manual 
Phos assumed thet 9 a.rveratt, approaching to Land in 
wind advisory, willl tly ever the airport to view the 
Strooa oenm Path A, It the pilot finds that Runway 18 is 
tae wind direction stown, no extra flight is required to 
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FIGURE 29 


Typical One-Runway Airport 
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continue along Path B. If the wind indicates that Runway 36 is 
preferred, the pilot would have to fly almg PathC to land on 

Runway 36. if he had prior knowledge of the landing direction, he could 
Simply fly Path D. It is estimated that the added time in using PathcC 
results in one extra minute of flying time and that the pilot would 
arrive from the side of the airport which would necessitate Path C 50 
percent of the time. An average of 30 seconds per arrival applied to the 
weighted general aviation hourly operating cost of $84.00 from Appendix B 
(including aircraft variable operating costs and the valve of occupants’ 
time of all general aviatim aircraft other than turbojets/fans), yields 
$.70 as the mit oost of an overflight. 


(c) Summary 


The t@amula fa determining the annual benefits to general aviation 
itinerant visual approaches of avoiding overflights can now be sal ved: 


ABAo = ANAO x Cao 


" 


CGAITN x Fa x Fyc X¥ Fo x Cao 


GATIN x 0.50 x 0.968 x 0.195 x $.70 


GAITN x $. 0661 


As in the analysis of AWS safety benefits discussed earlier in Section 
C-2-b of this chapter, local approaches are likely to benefit from AWOS 
as well as itinerant approaches, although to a lesser extent. Pilots in 
many local approaches, such as local practice approaches and 
touch-and-go's, are likely to have some fareknowledge of prevailing winds 
and preferred landing directim. Based on the logic used in Section 
C-2-b, the benefits to local operations are accorded 60 percent of those 
for itinerant operations. Applying these logic, the annual benefits to 
general aviation viSual approaches per local and itinerant operation 

be cane: 


$.0661 per GAITN, and 
$.0397 per GALCL 


d. Military 


Because the characteristics of military aircraft which use civil 

nom towered and nomfederal towered airports are reasonably akin to those 
of general aviation aircraft (at least within the accuracy of this 
analysis), the benefits of reduced flight disruptions derived in this 
chapter for the general aviation user class are also ascribed to the 
military user class. As with reported counts of annual instrument 
approaches (AIA's) of general aviation aircraft at non-towered airports, 
reported AIA's of military aircraft may also be questionable. To guard 
ayainst this possibility, benefits attributable to reduced military 
instrument flight disruptions are also denominated in per itinerant 
operation terms and will apply only to those candidate sites with 
existing standard instrument approach procedures (SIAP'sS) or potential 
STIAP's x the result of install ating AWS, 


4. Proximity Penalty and Remoteness Premium 


a. Proximity Penalty 


Other things being equal, the introduction of an AWOS at an airport which 
is relatively distant fran a surface weather observing station is more 
beneficial than the introductioi1 of one at an airport which is located 
relatively close to a surface weather observation statim. For example, 
assume 100 miles separates Airport A from the nearest weather observation 
stati@m, Site B. Further assume that only 5 miles separates Airport X 
from its nearest weather observation station, Site Y. Other things being 
equal, one would expect the actual benefits of a weather observing system 
at Airport A to exceed those at Airport X. 


To compensate for this proximity function and to enhance the ability of 
the criteria developed in the report to identify the most observing 
candidate sites for AWOS, a “proximity penalty” is established. Under 
this provision, the safety and flight disruption benefits of a proposed 
non-towered or non-federal towered candidate airport for AWOS may be 
limited depending upon its proximity to neighboring surface weather 
Observation stations. It is postulated that a non-towered or non-federal 
towered candidate airport for AWOS that is located less than 10 nautical 
miles fran a full-time, nor-autanated FAA/NW NW Contract surface 
weather observation station should be credited with only SO percent of 
its canputed safety and efficiency benefits, except in instances of 
precipitous terrain or non-homogeneous weather. Conversely, any 
candidate non-towered or non-federal towered airport that is 10 or more 
nautical miles from the nearest full-time non-automated surface weather 
obser vation stati, or whose weather is non-hanogeneous with that 
weather observation station, or which is located in precipitous terrain, 
should be given full credit for its canputed safety and efficiency 
benefits. 


b. Remoteness Premiis 


In contrast to the proximty penalty, an airport far removed from the 
nearest surface weather observation station will be credited with a 
premium in consideration of its remoteness. Provision of surface weather 
observations at remote locations previously without such service benefits 
not only aviation users but also nonaviation users since society benefits 
fran an enhanced regional and national synoptic weather forecasting 
capability. It is postulated that a non-towered or non-federal towered 
candidate airport for AWOS that is located more distant than the current 
national average distance between FAA/NWS weather observation stations, 
or 90 miles as derived below, from the nearest full-time, nonmautanated 
FAA /ANWS /NW Contract surface weather observation station should be given 
a premium mark-up of 25 percent on its camputed safety and efficiency 
benefits. In addition to this AWOS remoteness penalty, certain very 
remote locations may receive still more canpensation for their remoteness 
through the remoteness compensation provisions in Airway Planning 
Standard Number One (Reference 1) and Remoteness-Campensation Methodology 
For Benefit/Cost Establishment and Discontinuance Criteria 


(Reference 34). These latter references provide benefit-enhancement 
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premiums for a very few sites where relatively large numbers of citizens 
are without alternative transportation links to the outside world for 
extended periods of time. Figure 30 derives 6,456 square miles as the 
national average geographic area covered per FAA and NWS weather 
observation station. The average distance between observation stations 
may be approximated by solving for the diameter of a circle representing 
6,456 square miles or twice the radius: 


WD .2 


6,456 square miles 


r2 = 6,456/3.14 
r = 45.34 
2r = 90.68 
t 
FIGURE 30 


Area Covered Per FAA/NWS Weather Observation Statim 


Number of Stations? Square 
ATCT FSS Miles 

FAA_ Region Square Milesi/ FAA NW FAA NW Total Per Station 
Alaskan (AAL) 589,757 2 4 17 7 30 19,659 
Central (ACE) 285,467 7 11 18 3 39 7,320 
Eastern (AEA) 180,444 12 23 23 4 62 2,910 
Great Lakes (AGL) 480, 063 29 29 28 4 90 5,334 
New England (ANE) 66,608 14 4 5 1 24 2,775 
Northwest Mountain (ANM) 682, 945 14 21 30 l 66 10,348 
Southern (ASO) 386,609 24 33 36 1 94 4,113 
Southwest (ASW) 560, 550 22 22 33 2 79 7,096 
Western-Pacific (AWP) 389,592 37 13 260) 61 77 5,060 
Total 3, 622,035 161 160 216 24 561 6,456 


l1/tncludes continental United States, Alaska, Hawaii, Puerto Ric,and Virgin 
Islands. Excludes South Pacific and Canal Zone. Source: Reference 25. 


2/Source: Reference 2. 


5. Summary 


Figure 31 summarizes the expected annual quantified benefits of AWOS per 
aviatiom activity unit, as derived in this chapter. 
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d. 


addition to the direct benefits of AWOS addressed up to this 

a point--safety benefits and efficiency benefits--there remain a number of 
other important benefits which are termed "indirect" or "intangible" 
benefits in this report. These benefits include safer and more efficient 
route selection, improved quality of weather information, contribution to 
the weather communications network, benefits to departing and enroute 
aircraft, congestion relief at major airports and accident 

investigatim. Attribution of these benefits to specific sites is 
questionable. Therefore, they are considered in this report 
qualitatively rather than in quantitative terms. 


Indirect Benefits 


Introduction 


Nature of Indirect Benefits 


Benefits to Departing and Enroute Aircraft. Sections C-2 and C-3 
earlier in this chapter address the safety and efficiency benefits 


that can be expected to accrue to approaching aircraft at non-towered 
and non-federal towered airports as a result of an operating AWOS, 

In addition to approaching aircraft, AWOS may benefit departing and 
enroute aircraft as well. Although departing pilots should generally 
have adequate knowledge of prevailing weather at the departure 
airport, the availability of weather obser vatim data enhances the 
ability of a pilot to plan far and execute the safest and most 
efficient route, weather-wise. But as with the other indirect 
benefits described in this section, these benefits are not easily 
evaluated with respect to criteria applicatim. Enroute benefits, 
especially, are difficult, if not impossible, to ascribe 
site-specifically. 


Improved Quality of Weather Infarmation. AWOS, as compared with 


manual weather observing systems, can be expected to improve the 
quality of weather information. Weather infarmation gathered and 
disseminated by a manual weather observation site, because of its 
labor intensive nature, may be unavailable if the observing site is 
closed, be aged depending on the frequency of observations, and be 
Subject to variaces in oonsistency. AWOS, on the other hand, is 
capable of providing continuously available, real time and consistent 
obser vations. 


Contribution to the Weather Canmunications Network. Any addition to 
the weather communications network benefits not only aviation users 
but also non-aviation users since society benefits fran an enhanced 
regional and national synoptic weather forecasting capability. 


Reduced Warkload of Flight Service Stations. The demand far services 


being levied on flight service stations (FSS's) is great and is 
forecast to increase over the next several years. A study of the FSS 
system under the joint auspices of the FAA and the Department of 

Defense (Reference 36) indicates that further accelerated demands on 
the presently constituted system could result in an unacceptable 
deterioration in the quality and quantity of FSS services. This 
condition is one of several which has led to planning for future 


automation of the FSS network. It will be several years, however, 
until the network is fully autanated. In the interim, implementatim 
of AWOS will reduce the workload burden of FSS's. As indicated in 
several other parts of this report, locations with an autanated 
flight service station which is obligated to take weather 

obser vations autanatically qualify for AWOS establishment. Other FSS 
locations qualify if they satisfy the benefit/cost-based criteria 
developed in the report and published in Airway Planning Standard 
Number One (Reference 1). 


Congestion Relief at Major Airports. Airspace capacity problems 
exist today at several U.S. airports, primarily in the busy hub 


areas. Terminal airspace capacity is limited by the physical layout 
of many airports and by the ability of the air traffic control system 
to meter and space aircraft for safe operations. The expanded use of 
satellite or reliever airports in metropolitan areas is one of 
several alternatives often considered as am efficient method of 
relieving increasing traffic cmgestiam at primary air terminals. 
Siqificant diversions of traffic to satellite airports are hindered, 
however, by the lack of incentives to draw traffic away from the 
primary terminals. Provision of weather observing systems at 
satellite airports is thought to provide same incentive to attract 
aircraft away from primary terminals in two ways. First, as 
discussed in other sections of this chapter, FAR Parts 121 (for air 
carrier operators) and 135 (far air taxi operators) prohibit 
instrument operations at airports which do not have approved weather 
observation services. Implementation of AWS at a satellite airport 
previously without a weather observation service, therefore, would at 
least open and hopefully attract commercial operators to the 

airport. Second, private general aviatim pilots may be attracted to 
satellite airports if they can be provided with adequate weather 
infomatim. Other things being equal, they may be induced to 
minimize the risk of delay associated with many hub airports by 
utilizing satellite airports. 


Accident Investigation. Since AWS is capable of storing and 
retrieving weather infomatim, benefits may potentially accrue to 
aircraft accident investigations. 
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CHAPTER V_ - DEVELOPMENT OF PHASE I CRITERIA FOR NON-TOWERED 
AND NON-FEDERAL TOWERED AIRPORTS 


In this chapter, Phase I screening criteria for non-towered and 
non-federal towered airports are derived for incorporation in Airway 
Planning Standard Number One (Reference 1). Phase I criteria are 
generalized criteria designed to initially identify potential 
candidates. These criteria are easily applied with available data and 
without the aid of a camputer. Phase II is a site-specific computerized 
benefit/cost screening process against which candidates identified under 
Phase I are further evaluated. Figures 34-A and 34-B of Chapter VI 
provide computer-generated Phase I and II benefit/cost ratios (before 
proximity penalty or remoteness premium, if any) for over 3,100 
non-towered, non-federal towered and FAA tower discontinuance candidate 
civil airports in the Terminal Area Forecast Data System. 


AWOS may be tailored to meet site-specific needs. For example, at a 
particular site, certain weather sensors, certain output media, the 
telephone answering device or long Line communications may not be 
required. In recognition of this possibility, both Phase I and II 
criteria are developed modularly in this report. In this way, a 
benefit/cost ratio can be easily camputed for any given AWOS 
configuration. At the date of this report, the typical AWOS 
configuration is projected by the FAA AWOS Program Office to include 
sensors for wind direction and speed, temperature, dew point, ceiling, 
visibility and liquid precipitation. However, future corifigurations may 
include additional or fewer sensors. For example, a cloud height 
(ceiling sensor) may not be justified at certain locations in close 
proximity to another observation site, while additional sensors, such as 
for freezing precipitation and thunderstorm, may be added if cost 
effective. 


As explained earlier, many locations cannot utilize a remote altimeter 
setting source and are therefore restricted fran having instrument 
approaches. Assuming the lack of an on-site altimeter setting source is 
the sole reason for the absence of an approved standard instrument 
approach procedure, the introduction of AWOS could lead to the approval 
of instrument procedures. Therefore, two sets of Phase I criteria are 
developed in this section: one set for non-towered and non-federal 
towered airports with existing standard instrument approach procedures or 
locations currently without instrument approach procedures solely because 
of the absence of an on-Site altimeter setting source, and another set 
for all other non-towered and non-federal towered airports. 


For the air carrier and air taxi user classes, Section C-3-b of Chapter 
IV derived a range of annual benefits based on a sliding scale ranging 
fram a high of $9,548 (for 3,000 or more annual operations) to a low of 
zero (where there are no air carrier or air taxi operations). The 

life-cycle benefits accruing to these user classes can be expressed as: 


15 
>> Lesser of ((ACITN + ATITN) or (3,000)) x $9,548 
3,000 (1+i)n--5 
n=l 
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where 'n' is each year of an assumed economic life of 15 years, ACITN and 
ATTIN are the respective numbers of annual air carrier and air taxi 
itinerant operations, 3,000 is the activity level at or above which 
characterizes locations with SAWKS, and $.0394 is the quotient of 

3, 000/($9,548 x 7.976). In the later expression 3,000 is the activity 
break point, $9,548 is the annualized cost of a SAWRS, and 7.976 is the 
life-cycle disoount factor (present value of a unifarm series of 

$1: ((1+i)9-5-1)/i(1+i)9-5 fa n= 1 to 15 where 'i' is the 

OMB- prescribed discount rate of 10 percent and 'n' is each year of an 
assumed economic life of 15 years). 


The Phase I benefit/cost ratio life-cycle equivalent for the general 
aviation and military user classes is simply the quotient of (1) the 
product of the total first year benefits, the net discount factor with 
which first year benefits can be inflated to their life-cycle eqivalent, 
and the proximity penalty or remoteness premium (if any), and (2) the 
life-cycle oost of the AWOS proposed for the airport in question. These 
procedures are displayed and summarized in Figures 32 and 33. 


It is important that there be a close relationship between the results of 
Phase I and Phase II. If not, one or both of two undesirable situations 
can occur. First, locations may show up as candidates under Phase I but 
fail to reflect an acceptable benefit/cost ratio under Phase II, a 
situation which is termed “false alarm." Secondly, but more: critically, 
locations may not show up as candidates under Phase I but attain a 
benefit/oost ratio of 1 or more wider Phase II screening, a situation 
termed "non-identificatim." In the development of the Phase I 
establishment criteria, the emphasis was to minimize the 
non-identification rate but still maintain a reasonable relationship 
between the benefit/oost ratios derived from both phases. 


When an AWOS installation is being considered for discontinuane, initial 
acquisition and installation osts are irrelevant since they are sunk 
costs. The only relevant costs are recurring operations and maintenance 
costs (ignoring salvage costs, relocation osts, etc.). To determine 
whether a system qualifies for discontinuance, a ratio value is 
calculated by the applicable approach described above far Phase I 
establishment criteria. If the ratio value so obtained is less than 
0.45, the location satisfies Phase I disoontinuance criteria. This 
figure is an approximation of the level where the remaining life-cycle 
benefits just offset recurring life-cycle operations ad maintenance 
costs. 


72 


“T= sjacdaze ayepypues 3ay30 303 tTeoord az quangjsn (pw °o 
“UOFILIS UOTICAIOSGO IJBYIBVA BOE JMS YOEIZUOO AMN/SMN/ Wea Pe UWORNe-uUOU ‘QUT TMJ ySsereau ayy 

; WI; SOTIM TRSFINeU Slow JO O— PeIeooT are yeYR szzadzte aIepIpuES 03 settddy “SZ°T = [Tedo0IdtDay wn waig sseUajoUBYy *q 
| “TayWse sNosusoucy aaey suo yz 2es0T Yy3Oq UaYyM jOeIqUCD GMN Japun 
os 70 SMN 942 ‘Wwd 8N3 Aq pajerzedo UoMeAs UO TRA IaSG0 7eyWwEA GOCZINS paqyeupwme-vou / suzy -T[NJ e wIz saTw TeD}NeU OT 

ueya SseT pue uUzeI799 snozTdyoax-ucu ut pazesoT sz3ad24e SIP PUES OF seTTddy ‘og* = TeoOOIdyoay Aypeuay AqwwIxoIg -*e 


*(G¥) Teoomdtoeu auwuysn (pws 
Te arnhta 739. M0 S/T 


¥ @PMHbTZ WOIT 380D BP—AD-97T7 
[JON * Sy ue sTqeszT 3 uns 


DTA 1 oseug 


XRG = 00S*PT (ID TIIW 41D ‘TWD) *9 000 °$+ WLITIWINITYD) Xx L000' $ 2osuaS WIOISJapUNYL fe 
XXXXS = 00S °tT (OTIW+D TWO) XL700 "$+ (NLITINGNIIVD) x SH00° § (8S) JosuasS UOT {ey doa ~ 
: XXXXS - OOS*PT (LITIN4NIIYD) X OF90°T$ S2OsUaS AITTTQTSTA pue Buttyia5 
‘ XXXXS - 005 PT (NLITINANLIVD) X BENT" $ 2108S IPBRTY 
e XXxXXg . 00S°FT MIO'TIIW 41D TWD) XS T00 °S+ WNLITINANLIVD) X 700° $ SIOSUeS qUTOd MeG/am~eiedwy 
XXXXS . 00S °PT (OTIW+ DIY) XSLST $+ (NLITINGNLIVD) X pZ9Z° § JOSWS AIIM 
a WITH PUe Wye yy [essay 
000 ‘€ 
XXKKG = SL6°L 7O (NIT IV+NLIOW) gO 208507) PeeL IFW pue JdypIIPD ITY 
WAH 3038 TJUI [TAT Feu TOK SS¥TD J38n 
3 3OMNpord S39} Jous_ 9 TOKD-9577 -38ITI TROL 


TTY PorMO], TR I9PSs-UON PUY PSTOMOL-UON I GOMV JOJ © $3J99TID JUOMSTIQEISA T @seug 107 ABOPOpayqwyH 


ze Tal 


ase ae S 


bp Bas Dy 


- 
- ay 
re: 


~~ 
. 


—_ 
an ee 


— ee 
% 210t 2 1g 3905 ata5D a317 


UW X SQyzauag_ seo; (° 8193729 Quast TqEyse I aseus S8TIRFILS UO Hedy / 3ayVwI 30 OT 31) MTeA I oseug 
as 
oss wa (TD'PITM #19 ND) XTO* $+ (NLT TER ANLIW) XTG* $ CIOTIIWHIOTO) XTO° $4 (LI TIW4NLIVD) XTO*  § JosU ag BIOIsJepUNYL 
XXXX$ (DTIN+ DIVO) XvO* $+ (NLITINNLIVD) X90° $ (DTIDN+D TVD) X0° $+ (NLITDN+NLI YD) x90° $ (8) 208u¥S UOTIeITdyOATg 
XXXXG (NLI TIW4NLI YD) X00 *0$ WLI JW4NLI YD) XE ¥°S TS slowes AITTA WT A/buyTIaD 
XXXX$ (NLI‘1IA+4LLI VD) X00 * 08 (NLI TIN+NLI VD) X9T*Z § 208WS JOPENTY 
XG ow (2D TIIM4TD TWD) 2ZO° $+ NLITINANLID) X¥0° $ (1D'TITK4TD TWO) xZ0° $+ WLITIWANLIVD) XP0° $= = 820M eS QU TOd AaG/amae Jad wL 
XXXX$ eo (OTIIN+ DTV) XBZ* $+ (NLITINGNLI VD) X08" ES (TTTDG+D IVD) X82 ° 254 (NLI'TIN+NLI VD) X08 C$ JOsuwS PUTM 
BITIH Pues WH py Teseuey 
XXXx$ = BE°S%S xX ((000'E) 20 (NUILW+NLIOV) 30 208997) JXeL IJV Pw RWyIw) ITV 
FONpo d "  “~" —“SaIghayy ps senoL SOMV UI7M WIS 8A Woedmla S80 TD 78H 
TR23pe J-uON PUe pase L-VON 3930 UTM JO ({awrs) seainpaoolg 


yoeoiddy quaunmsuy pzepueys 
Su TA Sta UIT sqJalzty 


74 


CHAPTER VI - RESULTS OF APPLYING CRITERIA TO NON-TOWERED ALRPORTS, 
a a a a 
NON-FEDERAL TOWERED AIRPORTS AND ATCT DISCONTINUANCE CANDIDATES 


The computer program described in Appendix C, based on the benefit/cost 
methodology described in Chapters III, IV-C and V. was used to compute 
henefit/cost ratios for approximately 3,300 non-towered and non-federal 
towered civil airports and 50 FAA towered airports tentatively identified 
as tower discontinuance candidates by Reference 11 based on the Terminal 
Area Forecasts (TAF) over the 15-year period Fiscal Years 1981 through 
1995. The results are outlined in Figures 34-A (for non-towered and 
non-federal towered civil airports) and 34-B (for tentatively-identified 
FAA ATCT discontinuance candidates). Locations where surface weather 
observations are currently provided by or under contract with the 
National Weather Service are not listed. Figure 34-A is sequenced by 
Region-State and descending Phase II benefit/cost ratio and Figure 34-B 
is sequenced by location identifier code. Statistical summaries are 
provided at the ends of Figures 34-A and 34-B. 


Figures 34-A and 34-B presume installation and corresponding life-cycle 
costs and benefits of AWOS with sensors for wind direction and speed, 
temperature, dew point, altimeter, ceiling, visibility and liquid 
precipitation. While this is the typical AWOS configuration envisioned 
by the AWOS Program Office as of the date of this report, future 
configurations may include additional or fewer sensors. For example, a 
cloud height (ceiling) sensor may not be justified at certain locations 
in close proximity to another observation site, while additional sensors, 
such as for freezing precipitation and thudnerstorms, may be added if 
cost effective. 


Tt may be recalled from Chapter IV that while benefits of altimeter, 
ceiling and visibility sensors are functions of annual instrument 
approaches (AIA's), they are denominated in per itinerant terms in the 
criteria because reported AIA counts at many airports are often 
inaccurate and unreliable. The results in Figures 34-A and 34-B allow 
for these benefits as a function of itinerant operations only if the TAF 
reflects a positive value for AIA's. If the AIA fields in the TAF read 
zero, these benefits are suppressed. This same procedure will apply in 
actual application of the criteria. In the relatively few instances 
where the installation of AWOS would lead to the approval of instrument 
approach procedures where theretofore there were none, this suppresion 
will not be applied in actual practice. 


Finally, Figures 34-A and 34-B do not reflect any proximity penalty or 
remoteness premium that might be applicable as a result of the airport's 


proximity to or remoteness from other surface weather observation 
stations. 
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CHAPTER VII - SENSITIVITY ANALYSIS 


A. Introduction 


In the oost-effectiveness aalysis of AWS at FAA towered airports (described in 
Sectiq@m B of Chapter IV) and the benefit/cost analysis of AWOS at non-towered 
and non-federal towered airports (described in Section C of Chapter IV), there 
are a number of constants and variables which are used to quantify benefits and 
costs. While some of these parameters are known with relative certainty, others 
are uncertain and may be characterized by judgment. This chapter addresses the 
sensitivity of the results of these analyses to variations in those parameters 
which appear to be the most siqnificant or. sensitive. 


B. FAA Towered Airports 


FAA towered airports where the surface weather observation function is the 
responsibility of the FAA autanatically qualify for AWOS establishment, except 
locations identified as ATCT disoontinuance candidates. This policy rests on 
the fact that weather observations are required by regulation in control zones 
and the life-cycle cost of AWOS at such locations is less than those of 
acceptable manual weather obser vation system alternatives. Priority of AWOS 
establishment a these locations will be given to part-time facilities, followed 
by full-time facilities, in reagnition of the relatively greater benefits of 
AWOS when facilities are cla@ed. 


Because the wit oosts used to develop the life-cycle costs of AWS in this 
report are preliminary estimates, it is important that a sensitivity analysis be 
conducted to support the policy of automatic qualification far AWS at these 
airports. This sensitivity afialysis was approached by asking the question: 
“What would happen to the life-cycle costs of AWS if the investmant and 
annually recurring operations and maintenance costs were more than 

anticipated?" Assuming as much as a 50 percent increase in investment cost ad 
a 200 percent increase in annual recurring costs of AWOS, a life-cycle cost of 
$365,472 results, a value still approximately 44 percent less than other 
acceptable options of collecting and disseminating weather data at locations 
with an active FAA ATCT. Even after iqnoring the costs and alleged cost savings 
of obser vaticm personnel in light of the arguments outlined in Chapter IV and 
applying the same variations, the life-cycle cost of AWS is still approximately 
20 percent less than the acceptable manual options. 


c. Non-Towered and Non-Federal Airports 


In the case of the benefit/cost analysis for establishment of AWG at 

non- towered and non-federal towered airports, the sensitivity of the following 
parameters were examined: probability of weather below VFR minima, probability 
of weather below IFR minima, number of projected annual general aviation 
instrument approaches, probability of a ceiling/visibility-related accident, 
probability of a wind-related accident, annual benefit to existing commercial 
weather obser vation service (SAWRS) operatim, probability of averting an 
instrument flight disruption, life-cycle oost, and the value of a statistical 
life. The results of introducing specific percentage increases and decreases to 
each of these parameters, while holding all other parameters constant, far a 
sample of selected airports with Phase II benefit/cost ratios of .80 (LNL), .90 
(SJN), 1.00 (SMN), 1.10 (GTR) and 1.20 (BG) are outlined belamw in Figure 35. 
Additionally, Figure 35 outlines the aggregate number of qualifying nor-towered 
and non-federal towered airports corresponding to each parameter variation. 
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FIGURE 35 


Sensitivity Analysis 


Total Number of Qualifying 
Airport With B/C Ratio Of: Non-Towered/Non-Federal Towered 


-80 -90 1,.00* 1.10% 1,20 Civil Airports (B/C = 1.0 or more) 


Life-Cycle Cost 
50% decrease 1.80 2.20 2.39 1,638 (+53%) 


20% decrease 1.12 1.38 1.50 1,239 (+16%) 
10% decrease 1.22 1.33 1:147 (+ 7%) 
No Change ($150,505) 1.10 1.20 1,071 

10% increase 1.00 1.09 939 (- 8%) 
20% increase 92 1.00 914 (-15%) 
50% increase 73 -80 768 (-28%) 


Annual Benefit to 

Air Carrier and Air 

Taxi User Classes 

50% decrease (-11%) 
20% decrease (- 5%) 
10% decrease (- 3%) 
No Change 

10% increase (+ 1%) 
20% increase (+ 4%) 
50% increase (+13%) 


Probability of Weather 
Below VFR Minima 


50% decrease (-70%) 
20% decrease (-46%) 
10% decrease ; (-27%) 
No Change 

10% increase (+26%) 
20% increase (+33%) 
50% increase (+378) 


Value of a Statistical 
Life 

50% decrease 

20% decrease 

10% decrease 

No Change ($580,000) 
10% increase 

20% increase 

50% increase 


-_*. = = 2 fw 


Total Number of Qualifying 
Airport With B/C Rat.io Of: Non-Towered/Non-Federal Towered 
80 90 1.00* 1.10% 1.20 Civil Airports (B/C = 1.0 or more) 


No. of Projected Annual 


GA Instrument Approaches 


” 50% decrease 250 -83 1.00 1.10 1.13 928 (-13%) 
: 20% decrease 68 -87 1.00 1.10 1.17 1,007 (- 6%) 
10% decrease .74 .88 1.00 1.10 1.18 1,031 (- 4%) 
No Change -80 -90 1.00 1.10 1.20 1,071 
10% increase 86 -91 #%1.00 1,10 1.21 1,079 (+ 1%) 
s 20% increase .92 -92 1,00 1.10 1.22 1,093 (+ 2%) 
~, 50% increase 1.10 -96 1.00 1.10 1.26 1,134 (+ 6%) 


Probability of Averting 


a GA Wind-Related Accident 


" 50% decrease 75 82 89 -95 1.00 914 (-15%} 
be 20% decrease .78 .87 .96 1.04 1.12 1,015 (- 5%) 
: 10% decrease 79 .88 .98 1.07 1.16 1,034 (- 3%) 
No Change (3.704 x 1076 
per GAITN or MILITN) -80 .90 1.00 1.10 1.20 1,071 
10% increase 81 -91 1.03 1.13 1.24 1,082 (+ 1%). 
20% increase .82 .93 1.05 1.16 1.28 1,113 (+ 4%) 
50% increase 85 -98 1.11 1.25 1.40 1,183 (+10%) 


Probability of Avertin 

a GA Ceiling/Visibility~ 

a Related Accident 

*. 50% decrease 254 -84 1.00 1.10 1.14 950 (-11%) 


- 20% decrease -70 .88 21.00 1.10 1.17 1,018 (- 5%) 
2 10% decrease 75 -89 1.00 1.00 1.19 1,034 (- 3%) 
No Change (1.387 x 10-6 
per GAITN or MLITN) 80 -290 1.00 1.10 1,20 1,071 
10% increase -86 -91 1.00 1.10 1.21 1,077 (+ 1%) 
20% increase 91 -92 1.00 1.10 1.22 1,091 (+ 2%) 
50% increase 1.07 -95 1.00 1.10 1.25 1,130 (+ 6%) 


Probability of Weather 


Below IFR Minima 


50% decrease 1.15 -93 1.00 1.10 1.25 1,278 (+19%) 
20% decrease 1.05 -91 1,00 1.10 1.22 1,245 (+163) 
10% decrease 97 -90 1.00 1.10 1.21 1,205 (+13%) 
No Change -80 -90 2.00 1.10 1.20 1,071 

10% increase 44 -89 1.00 1.10 1.19 825 (-23%) 
20% increase baits -88 1.00 1.10 1.18 394 (-63%) 
50% increase baled -86 1.00 1.10 1.15 214 (-80%) 
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Total Number of Qualifying 


Airport With B/C Ratio Of: Non-Towered/Non-Federal Towered 


80 -90 1.00% 1,10* 1.20 Civil Airports (B/C = 1.0 or more) 


Probability of Averting 


an Instrument Flight 
Disruption 

50% decrease 

20% decrease 

10% decrease 

No Change (.10) 

10% increase 

20% increase 

50% increase 


Proximity Penalty and 


Remoteness Premium 

(Applied to All Sites) 

Proximity Penalty (50%) (-47%) 
No Penalty/Premium 80 

Remoteness Premium (25%)1.00 (+163) 


Annual Aircraft 

Operations 

50% decrease 1.08 1.07 1,001 7%) 
20% decrease 1.09 1.15 1,040 3%) 
10% decrease 1.10 1.17 1,047 2%) 
No Change 1.10 1.20 1,071 

10% increase 1.11 1.22 1,084 1%) 
20% increase 1.11 1.25 1,094 2%) 
50% increase 1.12 1.32 1,128 5%) 


SMN and GTR do not have approved instrument approach procedures. This fact 
explains why their benefit/cost ratios do not change with variations in 
certain parameters. 


Negative or nonsensical results produced because interrelationship between 
PIFR and PC in the SCI regression model used to predict number of annual 
instrument approaches. 
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CHAPTER VIII - IMPACT ANALYSIS 


It is impossible, at least with a high degree of accuracy, to assess the 
impact of the criteria on agency resources as required by Order 1320.1 
because (1) it is presently uncertain which specific AWOS configuration will 
be justified for each qualifying airport (i.e., differing requirements for 


various airports may result in implementation of various AWOS sensor 
configurations), and (2) meeting candidacy levels will not mean automatic 
qualification since benefit/cost screening is but one of several inputs to 
the FAA decisionmaking process relative to investment in facilities and 
equipment. Aside from these uncertainties, this impact analysis is based on 
installations of AWOS with sensors for wind, temperature, dew point, 
altimeter setting, ceiling, visibility and liquid precipitation. While this 
is the typical AWOS configurations envisioned by the AWOS Program Office as 
of the date of this report, future configurations may include additional or 
fewer sensors. For example, a cloud height (ceiling) sensor may not be 
justified at certain locations in close proximity to another observation 
site, while additional sensors, such as for freezing precipitation and 
thunderstorms, may be added if cost effective. 


Based on these assumptions, extrapolations of the Terminal Area Forecasts 
and ignoring the impact of any proximity penalties or remoteness premimums 
as provided for in Chapter IV-C-4, Figure 34-A shows 1,071 non~-towered and 
non-federal towered airports locations with benefit/cost ratios of 1.0 or 
greater. All FAA towered airports where the surface weather observation 
function is the responsibility of the FAA, other than tower discontinuance 
candidates, or approximately 254 airports, automatically qualify for AWOS. 
Priority of AWOS establishment at FAA towered airports will be given to 
part-time facilities, followed by full-time facilities, in recognition of 
the relatively greater benefits o1 AWOS when facilities are closed. Figure 
34-B shows 49 of 50 tentatively-identified FAA ATCT discontinuance 
candidates with benefit/cost ratios of 1.0 or more. Applying average 
respective life-cycle costs of approximately $165,300 and $150,500 to 254 
towered and 1,120 non-towered, non-federal towered, and ATCT discontinuance 
candidate locations results in approximately $210.5 million (1981 dollars). 
Approximately 60 percent of the investment is incurred for facilities and 
equipment in the acquisition year. The remainder represents discounted 
operations and maintenance costs over an estimated 15 year economic life. 
These impact assessments may be understated after allowing for remoteness 
premiums and may be overstated after allowing for proximity penalties. 
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APPENDIX A-1 


Statistical Summary of Accident Briefs-Weather Observation Unavailab} el / 


(Calendar Year 1979; Approach or Landing Phas2s of Operatim) 


"Modif i ed" NTSB No. of Injuries Degree of Aircraft Damage 
Cause/ File Ser- 
Factor2/ No. Fatal ious Minor None Destroyed Substantial Minor Nq 


Unf awrahle 0008 
Winds or 0069 
Wramg Runway 0117 
0128 
0134 
0154 
0176 
0204 
0205 
0228 
0251 
0259 
0267 
0300 
0334 
0335 
0336 
0341 
0350 
0423 
0458 
0464 
0495 
0590 2 X 
0633 
0669 
0685 
0711 
0718 2 
0721 
0725 
0753 
07 62 
0784 
0813 
0831 
0845 
0860 
0905 1 4 
0918 
0921 
0937 1 
0972 
0996 
1008 


Kem ORM DO WNN Be RR em Ne Fb we Be Dd PE 
PS OS OS OS OS OK OO OS SOO OO OS OO OO OO OKO OO 


Led oo lt 


We NWEH wee 
Me OO OO OOO OO OO OO 


ea Be NAD ee 
Pa 


x 
x 


> 
NO 


"Modified" 
Cause/ 
Factor 


Unf avorable 
Winds ov 
Wra@g Runway 
(Cont 'd.) 


NTSB 
File 
No. 


1009 
1013 
1015 
1016 
1028 
1042 
1046 
1103 
1142 
1161 
1183 
1185 
1233 
1252 
1339 
1363 
1365 
1375 
1416 
1443 
1450 
1473 
1483 
1574 
1624 
1636 
1637 
1661 
1674 
1701 
1746 
1817 
1829 
1830 
1849 
1873 
1881 
1896 
1910 
1914 
1922 
1944 
2006 
2021 
2127 
2202 
2205 
2251 
2271 
2309 
2318 
2329 
2402 


APPENDIX A-1 (Continued) 
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APPENDIX A-1 (Continued) 


"Modi fied" NTSB No. of Injuries Degree of Aircraft Dama 
Cause/ File Ser- 


_Factor2/ No. Fatal ious Minor None Destroyed Sutstantial Minor 


Unf avorahle 2412 
Winds or 2440 
Wramg Runway 2457 
(Cont'd) 2514 

2537 1 X 

2561 

2598 

2632 1 

2636 

2660 

2747 

2750 

2812 1 

2911 

2918 

3023 

3202 1 X 

3204 

3214 

3221 1 

3287 2 

3312 1 

3314 

3315 

3385 

3397 

3408 

3489 

3494 

3505 1 X 

3527 

3548 

3555 

3578 

3687 2 

3711 1 

3731 1 

3771 1 
3775 2 

2 
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3868 
3939 
4016 
Subtotals 140 
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15 30 200 15 124 


Low Ceiling/ 0091 2 4 
Visibility: 0119 5 x 
IFR Approach 0139 1 xX 
0564 1 
0607 4 X 
0778 2 X 
0808 4 4 
0913 4 2 X 
1086 1 
1951 2 1 xX 
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APPENDIX A-1l (Continued) 


"Modi fied" NTSB __ No. of Injuries ____Degree of Aircralt Damage 
Cause/ File Ser- _ 
‘ Factor2/ No. Fatal ious | Minor None Destroyed Subs:antial Minor None 
Low Ceiling/ 2148 4 xX 
se Visibility: 2423 4 xX 
a IFR Approach 2595 5 X 
: {Cont'd) 3266 3 x 
3366 4 X 
3529 1 xX 
ey 3620 2 1 xX 
3712 1 X 
3858 4 X 
3905 2 x 
rf 3988 1 X 
3989 2 x 
3993 1 xX 
4006 2 x 
4010 2 = o- =. x 
Subtotals 25 30 8 4 27 16 9 0 0 
Thunder- 1700 1 1 xX 
4 storms 2591 _ _ 4 4 
- Subtotals 2 0 0 1 5 0 2 0 0 
_ Temperature/ 1376 4 X 
: Dew Point 1536 2 x 
r 2 W771 2 X 
; 3252 2 Xx 
3378 = = = 1L = x 
Subtotals 5 0 0 4 7 0 5 0 0 
re Rain, Hydro- 1261 2 xX 
i planning, or 2122 8 4 
hd Wet Runway 2903 2 xX 
= 3025 7 2 x 
~ Subtotals 4 0 2 0 12 2. 3 0 0 
3 Totals 176 © 38 25: 39 251 32 143 0 1 
Lf 
’ | 
| 
| 
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Te APPENDIX A-2 


Statistical Summary of Accident Briefs - Weather Observation Availablel/ 


(Calendar Year 1979; Approach or Landing Phases of Oper atim) 


TO 


"Modified" NTSB No. of Injuries ree of Aircraft Damage 
Cause/ File Ser- 
Factor2/ No. Fatal 10u8s Minor None Destroyed Substantial Minor 
Unfavorable 0106 
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Subtotals 40 
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APPENDIX A-2 (Continued) 


2 "Modified" NTSB No. of Injuries _____ Degree of Aircraft Damage 
( Cause/ File Ser- 
Sis Factor2/ _No. Fatal ious Minor None Destroyed Substantial Minor No 
Ca Low Ceiling/ 0109 3 3 X 
“" Visibility: 0112 3 X 
a IFR Approach 0313 1 x 
0542 4 Xx 
is 0879 3 x 
a 0888 2 x 
- 0911 1 X 
: 1430 1 x 
: 1459 3 Xx 
4 1808 1 X 
Pa: 2114 4 Xx 
S 2153 3 X 
b. 2658 3 2 x 
eo: 2780 2 x 
wy 2831 3 2 X 
biog 2966 2 X 
ve 2996 3 X 
3038 2 X 
s 3231 1 Xx 
- 3390 3 2 x 
ae 3392 2 X 
3499 2 x 
. 3644 1 7 xX 
?. 3692 1 X 
. 3886 1 xX 
: 3974 2 3 X 
3981 2 ave ae —_ = x 23 = 
Subtotals 27 33 17 13 15 19 8 ) 0 
r. Thunderstorms 3375 = a 1 = x _ 
oe Subtotals 1 0 0 0 1 0 1 0 0 
Temperature/ 2627 4 x 
a Dew Point 3362 a ¥ = 2 a x = 2 
Subtotals 2 0 0 0 6 0 2 0 0 
Rain, Hydro~ 3329 2 X 
planning, or 
.¢ Wet Runway — - = ies 7 oe is i 2 
a Subtotals 1 0 0 0 2 0 1 0 0 
os Totals 71 28933 20 30 74 19 50 1 i 


APPENDIX A-3 - RECAP 


total accidents (176 without WX observation; 71 with weather 

obser vation) 

fatalities (.287 per accident or .139 probability per occupant) 
serious injuries (.182 per accident or .088 probability per occupant) 
minor injuries (.279 per accident or .135 probability per occupant) 
no injuries (1.316 per accident or .637 probability per occupant) 
aircraft totally destroyed (.206 probability per accident) 

aircraft substantially damaged (.777 probability per accident) 
aircraft minor damage (.004 probability per accident) 

aircraft no damage (.008 probability per accident) 


l/source: Reference 37. 

2/Modified in the sense that only one cause or factor was used to 
categorize an accident. Whenever more than one cause or factor was 
cited, that which appeared to have weighed most heavily in the accident 
sequence was used. 
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Footnotes to Appendix B 


2 ee ee 


lf 


gpoourees Reference 9. 
3/BLS index of adjusted hourly earnings, 1981 (1977=100). 
~"BLS index of adjusted hourly earnings, 1980 (1977=100). 


A ccaded to nearest $10,000. 


i abor or earnings related cost in 1980 ($28,480) x Ratio of 1981 to 

1980 index of adjusted hourly earnings where 1977=100 (138.9/127.3) = 

$31,075. Medical related costs in 1980 ($9,634) x Ratio of 1981 to 1980 

consumer price index for total medical care where 1967=100 (295.1/267.2) 

= $10,640. Total equals $41,715, or $42,000 rounded to the nearest 
,000. 

~'Labor or earnings related costs in 1980 ($13,080) x Ratio of 1981 to 

1980 index of adjusted hourly earnings where 1977=100 (138.9/127.3) = 

$14,272. Medical related costs in 1980 ($1,587) x Ratio of 1981 to 1980 

consumer price index for total medical care where 1967=100 (295.1/267.2) 

= $1,753. Total equals $16,025 or $16,000 rounded to the nearest $1,000. 

1/315 producer price index for total transportation equipment, 1981 
2/68=100). 

="BLS producer price index for total transportation equipment, 1978 

§ 2/68=100). 

Topounded to nearest $1,000. 

<"Rounded to nearest $.50. 

Wry or fuel and oil: Ratio of 1981 to 1978 mean 80/87 aviation gas 

costs per gallon ($1.85/$.89). Source: Reference 38. For maintenance: 

Ratio of 1981 to 1978 BLS indices of adjusted hourly earnings where 

}377=100: 138.9/108.4. 

—<'Rounded to nearest $1.00. 

13/ Foy fuel and oil: Ratio of 1981 to 1978 mean 100/130 aviation gas 

cests per gallon ($1.90/$.91). Source: Reference 38. For maintenance: 

five as footnote 11 above. 

— "For fuel and oil: Ratio of 1981 to 1978 mean jet type A fuel costs 

per gallon ($1.70/$.79). Source: Reference 38. For maintenance: Same 

f8 footnote 11 above. ; 

—"Weighted by airborne hours per Reference 9. 


150 


* 2.5 Peter Phe. er ta Cees ne cm at : ke RS Oper 4 INS ‘ 
Pie oe SP atecal “sane a8 letig Boe ats cer ane mo RE eh core ve . 


rie da dng Bega Sw cea et, ete Car atk ten e aarti ae dae. wt er 
cle ee ee 


x» 


i 


atat 


APPENDIX C 


Program Logic of AWOS Establishment Criteria 


The AWOS establishment criteria developed in this report far non- towered 
and non-federal towered airports will be integrated as a FORTRAN 
subroutine into the Terminal Area Forecast Data System. This appendix 
outlines the program logic used to canpute the Phase I and II 
benefit/oost ratios in Figures 34-A and 34-B of Chapter VI. Note that 
benefits and costs relating to freezing precipitatiam and thunderstorm 
detection/ location are set equal to zero. At the date of this report, 
the typical AWOS installation is not envisioned by the FAA AWOS Program 
Office to initially include these sensors. The program also relies on 
national average values for PIFR and PC and assumes no proximity 
penalties or remoteness premiums. In actual practice, site-specific 
val ues for PIFR and PC will be used and proximity penalties and 
remoteness premiums will be imposed, if applicable. 
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